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DISCLAIMER

This report reflects the views of the authors only and does not reflect the views or policies of
Transport Canada.
Neither Transport Canada, nor its employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy or completeness of any information
contained in this report, or process described herein, and assumes no responsibility for anyone's
use of the information. Transport Canada is not responsible for errors or omissions in this report
and makes no representations as to the accuracy or completeness of the information.
Transport Canada does not endorse products or companies. Reference in this report to any
specific commercial products, process, or service by trade name, trademark, manufacturer, or
otherwise, does not constitute or imply its endorsement, recommendation, or favoring by
Transport Canada and shall not be used for advertising or service endorsement purposes. Trade
or company names appear in this report only because they are essential to the objectives of the
report.
References and hyperlinks to external web sites do not constitute endorsement by Transport
Canada of the linked web sites, or the information, products or services contained therein.
Transport Canada does not exercise any editorial control over the information you may find at
these locations.
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EXECUTIVE SUMMARY
In fall 2020, the research team at the Transport Canada Innovation Centre contracted Invest Ottawa (Area
X.O) to conduct the first on-road electric Low-Speed Automated Shuttle (LSAS) trial of its kind in Ontario.
Goals: This project aimed to test and evaluate LSAS as a potential sustainable transit solution and help
Transport Canada to prepare towards the safe and efficient integration of this technology into future
Canadian passenger transportation systems. This included the ability to:






gain a deeper understanding of the planning and approvals process for LSAS testing with a range
of stakeholders, including levels of government, transit authority, and transit users;
collect data (spanning safety, efficiency and public perceptions) to help inform Transport Canada
safety approaches for LSAS, including the development of guidance and collaboration on
international standards;
assess the LSAS system functionality and operation on private and municipal roads with low-speed
mixed traffic;
evaluate the efficacy and impact of a fully electric LSAS operating in various conditions, and how it
interacts with vulnerable road users (such as pedestrians, cyclists, and low speed motor vehicle
traffic); and
identify potential system and process improvements.

The data and outcomes emerging from this project are intended to help inform LSAS policy developers and
provide support and guidance towards the safe and efficient deployment of these vehicles in Canada. It is
the first project of its kind to be approved in the province under the Ontario Automated Vehicle Testing
Program.
Leveraging Unique Capabilities, Expertise and Collaborators: This project established powerful
collaboration, leveraging key public and private sector partners, including:
 The City of Ottawa;
 EasyMile, a global provider of driverless vehicle solutions and full-service automated technology
for smart mobility in residential areas;
 The Ontario Ministry of Transportation;
 Multinational firms such as Accenture;
 Ottawa technology startup companies including AutoGuardian by SmartCone and RideShark; and
 The National Research Council Canada.
Building on the outcomes of previous tests and shuttle trials implemented by Invest Ottawa, the project also
capitalized on the unique expertise and capabilities of Area X.O, a futureplex of innovation and
collaboration. Operated by Invest Ottawa, this facility enables and accelerates the safe and secure
development, testing, and application of next generation technologies in smart mobility, autonomy and
connectivity.
Approach: Employing a rigorous, systematic approach that preserved the health and safety of the
community, Invest Ottawa executed a four-phased project for Transport Canada. These phases included:
 project preparation including a stakeholder workshop engaging Transport Canada and all project
collaborators;
 technical orientation and training on the EasyMile LSAS operation;
 rigorous testing at the Area X.O private test facility from October 19 to 23, 2020; and
 a three-week on-road LSAS trial at the Government of Canada’s Tunney's Pasture campus. The
first week involved an on-road setup phase of the shuttles without riders from October 26 to 30,
2020, followed by two weeks of testing with riders from November 3 to 13, 2020. Two shuttles
followed a complex 1.5 km route with four stops (stations), operating at speeds of up to 15 km per
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hour. This enabled the project team to conduct a variety of LSAS tests and gather data on how this
technology performs in real-world conditions.
As the project was implemented in the heart of the pandemic, Area X.O worked closely with Ottawa Public
Health on well-defined health and safety protocols for this project. Together with key partners, Area X.O
implemented technology and protocols to enhance LSAS rider safety. The team invited key project
stakeholders and tenants of Tunney's Pasture campus to:
• schedule a safe, professionally-managed 15-minute ride in the automated shuttle with up to five
people who reside under the same roof; and
• share feedback on their shuttle experience to support the goals of this research project.
Key Learnings on Shuttle Performance








The shuttle completed all Vulnerable Road User (VRU) test scenarios without impacting any of the
VRU targets. The shuttle indicated it was capable of repeatedly following a predefined automated
route with minimal lateral deviation and exhibited the ability to come to a controlled stop when the
shuttle detected an object in its forward travel path.
In the public on-road trials with riders, 321 laps were completed in total by the shuttles, over the
10-day testing period. The overall average of the route completion time of both shuttles was
approximately 13 min 03 sec ± 1 min 01 sec. The average speed of the shuttles was
8.34 ± 4.07 km/h. There were 14 emergency stops that occurred during the testing period. Many of
these were triggered by leaves carried by blowing winds. Other reasons included birds in front of
the shuttle, an improperly parked car and a vehicle cutting past the shuttle. The average time to
stop was 1.9 sec.
The overall average energy consumption of each of the two shuttles was 0.52 ± 0.23 kWh/km and
0.47 ± 0.18 kWh/km respectively, during the public on-road trials with riders. In analyzing the
relationship between energy consumption and external environmental temperature, it was
observed that energy consumption was relatively higher on colder days than on warmer days and
the results indicate that on average, energy consumption with heating on was higher than with AC
on or HVAC off.
The effects of ambient temperature, shuttle speed, passenger load, and stop frequency on energy
consumption were analyzed. It was not possible, however, to determine statistically significant
correlations. Higher resolution data on battery current and voltage is needed in future trials, as well
as longer term testing to gather more data and to be able to isolate variables to determine their
impacts.

Key Learnings on the Conduct of an LSAS Trial
This project yielded important data, insight and learnings that can be leveraged by Transport Canada on
future LSAS pilot projects, and broader transportation research and policy goals. For example:





the EasyMile shuttles operated as intended by EasyMile for the majority of the LSAS trial delivered
by Area X.O at both the private test facility and Tunney’s Pasture, with the exception of a few
technical issues.
automated shuttles require more testing in different and dynamic weather conditions, including
heavy snowfalls, freezing rain and extreme temperatures. Diverse weather enables more rigorous
testing, deeper learnings and richer insight that can be leveraged and applied to enhance the
development and evolution of LSAS technology, including safety features; future LSAS and broader
CAV trials and pilots; related policy and legislative frameworks; and long-term implementation in
transportation solutions.
it is important to ensure that shuttles can address the needs of a variety of riders, including those
with different accessibility requirements. The Area X.O project team valued the guidance and
feedback provided by representatives from the Canadian National Institute for the Blind (CNIB)
Foundation during this project.
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it is critical to have the support of municipal authorities and cooperation from associated
departments to execute a successful LSAS pilot project. Invest Ottawa collaborated closely with
the City of Ottawa (including Traffic Services and Emergency Response Team) on critical facets of
this project, including: the optimal public trial route design; associated public road maintenance;
the location of stop signs and crossings, height of curbs and road line paintings along the public
route; and any steps required to ensure safety in mixed traffic. This support is critical to implement
a successful on-road LSAS pilot, and more broadly, to integrate this technology into long-term
transportation solutions.
it is important to establish strong collaboration with the provincial Ministry of Transportation to
ensure all requirements are identified and addressed at the beginning of an LSAS pilot. This is
particularly important when applying for permits or license plates for the shuttles to avoid delays.
when assessing potential locations for an LSAS pilot, it is important to account for shuttle storage
and charging requirements in the decision-making criteria. When possible, shuttles should be
stored onsite to minimize risk and maximize team productivity.
based on preliminary findings of a survey administered to riders, respondents had a positive
experience with the shuttle and would consider using automated shuttles in a variety of locations
as part of their transportation journey. This includes the opportunity to ride shuttles on closed
campuses such as airports, universities and shopping districts, and other local in-city travel.

Insight from Riders During the On-road Trial: Preliminary Findings from the Transport Canada Rider
Survey
This LSAS trial provided the opportunity for Ottawa community members to experience an on-road ride in
a low-speed automated shuttle. Although LSAS knowledge and familiarity varied among participants, this
was the first opportunity for many riders to experience automated vehicle technology. The Transport
Canada Human Factors and Crash Avoidance team designed a bilingual questionnaire that aimed to
investigate rider perceptions of safety, learn about their experience, and assess their acceptance of this
new mode of transportation. Riders responded to 24 questions, including open-ended questions designed
to gather more detail on specific issues.
Area X.O implemented the online survey, managed data collection, and analyzed the initial results. This
team:
 ensured every rider was properly registered and booked for the trial through RideShark for
compliance with COVID-19 protocols;
 greeted riders arriving onsite, supported their participation in the trial, and encouraged them to
complete the survey; and
 addressed rider questions, concerns and requests for additional information.
Initial public perception findings are summarized below:





Survey respondents highlighted two main reasons they would want to ride an automated shuttle:
o convenience (92%)
o to use an environmentally friendly means of transportation (79%)
Moreover, 88% of respondents agreed or strongly agreed that they trusted the shuttle’s ability to
transport them safely;
Regarding ride quality, 92% of respondents experienced a smooth or good quality ride. No
respondents reported a “jerky” ride;
When asked about locations that respondents would consider using automated shuttles:
o 98% indicated closed campuses such as those at airports, universities, and shopping
districts
o 78% indicated first/last trip segment
o 74% indicated local travel
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The feedback from CNIB representatives included many useful observations and recommendations to help
further enhance the accessibility of shuttles.
These insights are drawn from the preliminary assessment of rider survey data. Transport Canada aims to
publish a full report on rider perceptions of safety, interaction, and acceptance of their shuttle experience
in the future. These outcomes are expected to be presented in the context of additional related research.
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1 INTRODUCTION
1.1 Overview
Transport Canada (TC), through its Innovation Centre, undertakes testing and evaluation of emerging
advanced vehicle technologies to help inform the development of regulations, codes, standards and other
approaches to enable the safe and timely introduction of beneficial transportation innovations in Canada.
As part of Transport Canada’s departmental budget process, the Innovation Centre received funding from
the TC Innovation/Experimentation Fund to support testing of an electric low-speed automated shuttle
(LSAS) in Ottawa, Ontario.
Building directly on the strategic Memorandum of Understanding (MoU) signed in April 2019 between Invest
Ottawa and Transport Canada, and the successful four-seater automated pod trial test conducted in August
2019, Invest Ottawa developed and executed a comprehensive end-to-end project plan that addressed
Transport Canada’s objectives to better understand LSAS technology and to ensure that it can be safely
integrated into future transportation systems. Under this arrangement, Invest Ottawa partnered with
EasyMile, City of Ottawa, Accenture, Ontario Ministry of Transportation (MTO), AutoGuardian by
SmartCone, Rideshark and the National Research Council of Canada (NRC). The key stakeholders and
their responsibilities are described in Appendix A.
The overall goal of the LSAS project was to test, evaluate, and to operate an on-road trial of an LSAS as a
sustainable transit solution. From a technical perspective, the project aimed to confirm LSAS system
functionality and operation on private and municipal low speed traffic roads. In addition, the project identified
potential system and process improvements, and the data and outcomes from this project are expected to
inform LSAS policy development and support the safe future implementation of these vehicles.

1.2 Purpose
The LSAS project was driven by Transport Canada’s three main project objectives:
1. Gain deep insights into the planning process for low-speed automated vehicle trial testing in
Canada from the perspective of a manufacturer and Canadian trial organization, including permits
and approvals, closed track testing, and risk analysis and mitigation (involving a range of
stakeholders, levels of government, transit authority, first responders, etc.).
2. Understand the LSASs automated driving capabilities (including safe interactions with pedestrians,
cyclists and low speed motor traffic), human factors considerations, battery efficiency, and viability
as a first-/last- mile solution for public transit, through closed track evaluations, followed by on-road
trial testing at Tunney’s Pasture, Ottawa (first-/last-mile between Light Rail Transit (LRT) station
and local office environment).
3. Inform TC safety approaches for LSASs to support the development of guidance documents and
TC collaboration on international standards.
Invest Ottawa, along with City of Ottawa and EasyMile, conducted this low-speed automated shuttle
research and development project over seven weeks. The project tested two low-speed automated shuttles
on public roads.
The project was executed in four phases:
1. Project Preparation and Stakeholder Workshop;
2. Technical Orientation to Automated Shuttle Operation;
3. Track Testing of the EasyMile EZ10 LSAS at Area X.O; and,

4. On-Road Trial Testing of the EasyMile EZ10 LSAS at Tunney’s Pasture.
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2 PROJECT OVERVIEW BY PHASE
2.1

Phase 1: Project Preparation and Stakeholder Engagement

In the first phase of the project, Invest Ottawa worked with EasyMile and the Ministry of Transportation
Ontario (MTO) to prepare the documentation necessary for the on-road trial, which included importation,
permits, and insurance for the LSASs. The details of this process are outlined in section 3.1. This phase
also focused on the site analysis and modifications for the on-road trial, a safety assessment report, the
track test plan, and a stakeholder engagement workshop.
EasyMile provided and documented all potential risk and mitigation strategies for the on-road trial. The
analysis is summarized and documented in Appendix B. The analysis allows the identification of all the
risks and threats that could impact the project and define actions to mitigate them and ensure safety over
3 layers: vehicle safety, deployment safety, and operational safety.
EasyMile also provided a Safety Assessment Report for the vehicles. To produce this report, EasyMile used
Transport Canada’s published tool: Safety Assessment for Automated Driving Systems in Canada and the
guidelines in Testing Highly Automated Vehicles in Canada: Guidelines for Trial Organizations.
Based on the site analysis, a detailed LSAS project test plan was developed and implemented at Area X.O
test facility (see section 5.5 for more details). The test plan was created specific to the unique characteristics
of this on-road trial. As safety was the number one priority, all high-risk scenarios and safety management
strategies were verified to ensure the LSAS was able to operate safely during the on-road trial.
Before the on-road vehicle testing, EasyMile and Invest Ottawa facilitated an online stakeholder
engagement workshop that detailed the LSAS technology, the test route, the safety management plan, the
planned track testing, and the planned on-road pilot testing. EasyMile provided pertinent emergency
response protocols that included the standard operating procedures for vehicle operation and risk
mitigation. It contained an evaluation of the LSAS on-road trial site with hazard mitigation strategies. The
development of emergency response protocols was coordinated with local first responders and law
enforcement to capitalize on their already established communications protocols. The plan demonstrated
the coordination between emergency response teams and technology providers by defining “what if”
scenarios, assigning responsibility, and mitigation efforts.
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2.2

Phase 2: Technical Orientation to Automated Shuttle Operation

The second phase consisted of a two-day technical workshop that trained participants on the operations of
the EZ10 Shuttle. Due to the pandemic, the workshop was conducted in a hybrid format and was limited to
a maximum of 12 staff from Transport Canada. The workshop was completed at the Area X.O site, using
the EasyMile EZ10 and the Smart City test zone.
The two-day workshop enabled participants to point out health and safety risks in the operational domain
of an AV, and come up with mitigation strategies. Participants learned how EasyMile and their partners:
-

Perform a dynamic risk assessment before undertaking any work.

-

Perform daily and monthly safety and maintenance activities.

-

Log all activities on the online tracker and report any faults found.

-

Create new routes in pre-existing maps.

-

Create new maps using their suite of deployment tools.

The workshop provided additional insight to the project team on vehicle operations and its capabilities and
limitations under different conditions/environments. This allowed Transport Canada to provide feedback on
the final test plan that was executed in Phase 3.

2.3

Phase 3: Area X.O Track Testing of EasyMile LSAS

The third phase of the project focused on the performance assessment of the shuttle at the Area X.O private
test facility over five days. During this phase the track test plan, which was developed in the first phase
based on the site analysis, was executed.
The track testing included testing the safe operation of the shuttle in interactions with ATDs representing
vulnerable road users according to the draft ISO 22737 Revision 19 test procedures.
The closed-track testing evaluated shuttle performance in scenarios that could conceivably be encountered
during the on-road trial and focused on:
a.

safe interactions with vulnerable road users (represented by ATDs)

b.

navigation capabilities in terms of lateral deviations from the mapped path

c.

loss of battery power and minimal risk manoeuvres

d.

reaction to a non-responsive shuttle operator during driver take-over transition.

Following the testing at Area X.O, a key stakeholder meeting was held to conduct a thorough review of the
shuttles performance and to ensure that the shuttle met all 13 elements of Transport Canada’s published
tool: Safety Assessment for Automated Driving Systems in Canada during testing. At the conclusion of this
meeting a safety declaration was provided by EasyMile. For the technical report on the shuttle’s
performance and the different test scenarios please see in Section 5.
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Phase 4: On-Road Trial Testing of EasyMile LSAS

The fourth phase was the on-road trial testing of two LSASs at Tunney’s Pasture campus shown in Figure
3. The rationale for selecting the Tunney’s Pasture site can be found in Section 3.4. During the on-road
trial, the EZ10 shuttle was only operated on the pre-defined route. The on-road test plan, developed in
Phase 1 and tested in Phase 3, was executed in Phase 4 and took place over a 3-week period. One week
of setup testing was conducted without riders to map the route and to ensure that the shuttles operated
safely. The project then progressed to the final testing of two weeks with riders. A detailed technical report
and analysis of the on-road trial testing can be found in Section 6.
During the route preparation stage of the trial without riders, the Area X.O team recorded potential impact
on navigation characteristics by studying GNSS coverage profiles. The analysis and reporting tasks
assigned to the NRC team at the outset of the on-road trial with riders were as follows:
a) General performance of the LSAS in driving the route and transporting riders, including:
 number of shuttle disengagements and reasons;
 number of riders transported per day;
 number of laps of the Tunney’s Pasture route per day;
 average time to complete the route;
 overall energy consumption;
 heating, ventilation and air conditioning (HVAC) usage (time)
 other (auto/manual mode of operation (time), daily temperatures, shuttle speed, shuttle
state (idling/moving))
b) Real-world interactions between the LSAS and pedestrians, cyclists, and low speed motor traffic
c) LSAS energy efficiency, including:
 daily average energy consumption;
 energy consumption variability as a function of weather, passenger load, frequency of
stops, and use of HVAC systems
d) Transport Canada Rider Survey: public perception surveys, findings, observations,
recommendations
Phase 4 included analysis of data collected during on-road setup phase without passengers (October 28
to 30, 2020) and on-road trial with passengers (November 3 to 13, 2020), conducted in Ottawa at the
Tunney’s Pasture site (see Section 3.4). The Phase 4 trial builds upon the on-track test plan previously
developed and executed in Phase 3 of the project. The 12-passenger capacity LSAS was limited to carry
up to 6 passengers during the trials due to COVID-19.
The NRC was tasked with collecting and analyzing data from the proprietary EasyMile Monitoring
Application Program Interface (API) during the on-road trial with riders. The objective was to evaluate and
report on the general performance of the LSAS including factors such as energy consumption and other
operational aspects as outlined above.
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3 OPERATIONAL ENVIRONMENT
3.1

Insurance

Insurance for the LSAS is a critical success factor for a trial. It is essential to ensure the project team has
adequate liability insurance that addresses the requirements of the provincial authority. It is important to
identify a suitable insurance provider that addresses all requirements early in the project as very few
companies worldwide that provide LSAS and related insurance. EasyMile maintained full ownership and
operation of the shuttles throughout this project. This ensured that EasyMile was responsible for all
associated safety and operations, inclusion the provision of auto insurance. EasyMile also carries
Commercial and Product liability insurance through AXA Insurance, and acquired additional insurance for
this trial through Allianz.

3.2

Importation & Permits

In Canada, the importation and deployment of a LSAS vehicle is a shared responsibility across multiple
levels of government. At the federal level, Transport Canada regulates the importation of motor vehicles
including LSAS’s into Canada through the Motor Vehicle Safety Act (MVSA). The Province manages the
LSAS vehicle registration and insurance, and provides approval on all automated vehicle trials within their
jurisdiction. Municipalities are responsible for the local infrastructure, emergency personnel, all by-laws
concerning the LSAS route, and associated elements.
It is critical to engage all levels of government at the onset of an LSAS project, and ensure adequate support
for the planning, testing and deployment of the LSAS trial. Currently, only temporary shuttle trials are
permitted by the provincial and federal government. As the technology evolves, the federal and provincial
governments will develop regulations for permanent deployments. Please find below an overview of the
key steps required to temporarily import an LSAS into Canada as of 2020.1
Step 1) Federal Level Approval to Import the Vehicle into Canada
The first step to import an LSAS into Canada for use on public or private roads is federal government
approval.
Most LSAS’, including the EasyMile EZ10 shuttles used in this project, do not conform to the Canada Motor
Vehicle Safety Standards (CMVSS). Therefore, shuttles can only be temporarily imported into Canada.
Schedule 7 of the Motor Vehicle Act outlines exceptions for certain importations.
The company importing the shuttle is required to complete Schedule 7 “DECLARATION OF IMPORTATION
OF A VEHICLE FOR EXHIBITION, DEMONSTRATION, EVALUATION, TESTING OR SPECIAL
PURPOSES”. The firm is required to provide the following information: VIN for the shuttles, date of
manufacture, and the dates the vehicles will enter and leave Canada. As highlighted in the permit, the
shuttles cannot remain in Canada any longer than the federally approved timeline. “VEHICLES IMPORTED
TEMPORARILY FOR SPECIAL PURPOSES” with a stamp approval on the bottom. EasyMile maintained
shuttle ownership and operated the vehicles throughout this project. As EasyMile does not have a Canadian
office, the exemption was granted through section 7.1(b). The process was completed online, and the
approval permit was received within 20 days.

1

The registration and importation processes for low-speed automated shuttles are continuously evolving and progressing; therefore,
the steps outlined in this report are subject to change.
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For this project, the two EZ10 shuttles needed to be transported from the US to the Area X.O Test Facilities
operated by Invest Ottawa via road transportation (using its own container for security) and a flatbed truck.
It is important to have an importation brokerage firm for the customs declaration at the border that is familiar
with non-traditional vehicles being brought into Canada under a temporary permit. It is important that all
customs documentation arrives with the shuttles. The “Vehicle Import Form – Form 1” and the “Cargo
Control Documents” must be properly maintained and be readily accessible as they will be required when
the shuttles are transported to their place of origin.
At the conclusion of the project, the EZ10 shuttles were transported back to the United States. Transport
Canada, Canadian and US Customs, and the National Highway Traffic Safety Administration (NHTSA)
were informed of this activity. NHTSA approval is required for entry to the US as this is a non-conforming
vehicle entered under US DoT Box 7 permissions.
Step 2) Provincial Approval to Conduct Operate an LSAS in Ontario
EasyMile was the first AV company to receive approval through the Ontario Ministry of Transportation’s
(MTO) Automated Vehicle Pilot Application. The company acquired approval through Ontario Regulation
306/15. EasyMile received this approval following the successful completion of form 023-5084E, together
with multiple interviews with the Ontario Ministry of Transportation (MTO). The MTO served as a key
strategic partner on this project, awarding EasyMile the first AV permit of its kind issued in Ontario.
Following this initial provincial approval, EasyMile was required to decide on provincial vehicle registration
for this trial: to acquire a special permit or bus licence plates for the shuttles.
Step 3) Vehicle Registration in Ontario
Option 1: Acquire a Special Permit
To address the provincial vehicle registration requirements of this project, EasyMile applied for special
permits, which are ideally suited for short term projects. To acquire a special provincial permit, EasyMile
was required to provide the following information as part of this application:




The name of current insurance company and the policy number
Identification documents
Registrar of imported vehicles

Option 2: Acquire Bus Licence Plates
Although not selected by EasyMile, the company could have pursued bus licence plates for the EZ10s to
address registration requirements. This option requires a firm to complete all documentation for review by
the Ontario Ministry of Transportation. Original documents are then provided to the Service Ontario Retail
Office, where the applicant company is required to pay the required fee for the bus licence plates.
Step 4) - Returning the Vehicles to Their Point of Origin
At the end of the project, the EasyMile shuttles were transported back to the United States. Transport
Canada, Canadian and US Customs, and the National Highway Traffic Safety Administration (NHTSA)
were informed of this activity. NHTSA approval is required for entry to the US as this is a non-conforming
vehicle entered under US DoT Box 7 permissions.
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Figure 1 Ontario’s AV Pilot Program: MTO Application and Registration Process

3.3

Storage & Charging

It is critical to proactively plan for the shuttle storage and charging requirements in an LSAS project to
minimize risk and maximize team productivity. Area X.O operated by Invest Ottawa conducted this on-road
trial from November 3 to 13, 2020. During this period, weather conditions varied broadly with rain, high
winds, snow flurries and temperatures ranging from 22C to -4C.
Shuttles require a secure and climate-controlled environment to ensure proper operation, performance, and
functionality. Electric batteries can be sensitive to cold temperatures and may not fully or properly charge
if they get too cold. It is important to ensure that the storage facility is equipped with the right type of electric
outlets and chargers for the shuttles.
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Figure 2 Storage and Charging Specifications

3.4

Site Selection for an On-road LSAS Trial

When considering potential locations for this LSAS trial, the team aimed to conduct tests on a route with
low-speed mixed traffic. Following a rigorous, criteria-based assessment of different sites, the team
selected Tunney’s Pasture, a federal government campus. This site features private, low-speed roads with
mixed traffic, pedestrians, and cyclists. It is also connected to an LRT station. The size of the campus, the
location of employee parking lots, and their proximity to buildings on campus made Tunney’s Pasture an
ideal site for this trial. The LSAS provided a more accessible option for riders, including those with mobility
issues.
The team designed a 1.5 km route around Tunney’s Pasture with four designated stops that provided
access to the O-Train LRT, buses and key buildings (including Health Canada, Jean Talon Building, Health
Records, and the Health Canada Finance Building). The four planned stops were bounded by Yarrow
Driveway, Tunney’s Pasture Driveway, Columbine Driveway and Goldenrod Driveway. Please reference
Figure 3 for a 3D view of the on-road trial route, and Figure 82 for the site selection overview from EasyMile.
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Figure 3 On-road Trial Route

3.5

Infrastructure Maintenance & Design

As mentioned in Section 2.1, EasyMile developed a site analysis that highlighted all high-risk areas along
the public trial route. This was part of an extensive and detailed process that included:




Surveying the route
Examining the intersections, rotaries, pedestrian crossings, car park entries and exits, foliage and
street furniture
Assessing potential risks and challenges

EasyMile provided mitigation strategies to the team, together with precautionary measures and
recommended infrastructure modifications.
The team implemented many proposed modifications to the public road infrastructure at Tunney’s Pasture.
These changes were required prior to mapping the route, and executing the public trial. Please find below
key actions undertaken with the City of Ottawa Traffic and Roads team:






Re-painting of some lines and markings on the road along the route
Blocking of key parking spots around the pedestrian crossings to ensure clear line of sight for the
shuttles and vulnerable users. The team used barriers to secure and block off required parking
spots.
Trimming and removal of weeds and leaves from several areas around the route. Blowing leaves
in front of the shuttle and weeds that are too tall may cause the shuttle to stop unexpectedly
Making and installing localization signs in certain areas along the route (of a designed size and
height)
It is important to consider the height of the curb when planning the shuttle’s route. The height of
curb could impede the deployment of the accessibility ramp.
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4 COVID-19 RISK MITIGATION STRATEGY AND ADDITIONAL
SAFETY MEASURES
While operating a trial during a pandemic was not ideal, Invest Ottawa worked closely with The City of
Ottawa and were provided clear guidance from Ottawa Public Health to carefully manage and mitigate any
potential health risks to riders during the trial. One shuttle was dedicated to scheduled bubble rides (up to
six family members under the same roof) and the second shuttle was used partially as a metro (up to four
riders) version, as well as scheduled rides. Both shuttles were cleaned after every ride.
All riders were required to complete a COVID-19 self-assessment prior to boarding the shuttle. The selfassessment, as well as the survey (see Section 7), was administered through quick response (QR) codes
to limit the risk of exposure from circulating documents. In addition to the self-assessment, riders were
required to wear masks and use hand sanitizer prior to boarding. The EasyMile operators were required to
wear N95 masks.

4.1

RideShark Booking Platform

RideShark is an Ottawa-based transportation technology company providing a market leading mobility
platform for customers around the world, including the City of Ottawa. While operating in the middle of a
pandemic the project team wanted to ensure the appropriate safety measures were in place; adding
RideShark to the project proved to be invaluable. For this project, RideShark leveraged the city’s
OttawaRideMatch.com site to provide a customized trip booking app that enabled individuals to quickly
reserve their scheduled ride on the LSAS with members of their social bubble. Participants in the research
pilot were able to view live, real-time vehicle locations and received confirmation emails with key information
about their ride. RideShark provided this app for desktop and mobile use in both English and French while
making sure to support any community members that might use an assistive device or need further
assistance.
The RideShark trip booking app enabled 500+ people to experience a scheduled ride during the 2-week
pilot at Tunney’s Pasture. The RideShark contribution was important to manage the operational flow of
riders when they arrived at Tunney’s Pasture. This process provided users confidence that they would be
able to safely ride the shuttle with members of their social bubble.

4.2

SmartCone-based Additional Safety Measures

Given the importance of public safety for this trial, SmartCone’s AutoGuardian Technology was included,
which generates visual and audible alerts designed to warn of oncoming shuttles. The electronic barriers /
bollards were placed at each of the four stops along the dedicated route. Figure 4 shows the SmartTorch
bollard in front of the shuttle.



SmartTorch bollards were placed to provide traffic segmentation and visual and audible
communication of when a shuttle is approaching to help protect and alert vulnerable road users
(VRU). They were placed on the sidewalks a couple of metres away from the road.
These devices were preprogrammed with a message that notified the riders “Shuttle approaching
in 2 metres, please clear path and keep a safe distance.” It also reminded riders of the COVID-19
risk and that a mask must be worn while on the shuttle and to keep a safe distance of 2 metres
apart. Due to the length of the trial, the message was only broadcasted in English, even though the
SmartTorch can be programmed with multilingual messaging.

The shuttles were equipped with SmartCone onboard units communicating wirelessly with the bollards.
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Figure 4 A SmartTorch Bollard by SmartCone
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5 AREA X.O TRACK TESTING OF EASYMILE LSAS
Phase 3 conducted testing and evaluation of the EasyMile LSAS at the Area X.O private test track and
involved the following tasks:








set-up of Area X.O for LSAS testing and verification
set-up of the VRU targets for LSAS testing and verification
conduction of LSAS testing for V2X / VRU use cases and safety systems, as per Area
X.O/National Research Council test plan
evaluation of use case performance and determination of other considerations for LSAS On-Road
Trial at Tunney's Pasture
preparation and transport of LSAS to Tunney's Pasture for on-road trial
completion of a summary report outlining the various LSAS scenarios tested
providing of a go/no-go approval for the conduction of Phase 4 of the project

This section of the report analyzes and presents data obtained during testing conducted in Phase 3 of this
project. Phase 3 testing was performed on October 19 to 23, 2020, at the Area X.O test track, following the
procedures detailed in Euro NCAP Test Protocol – AEB VRU Protocol version 3.0.2 2 and ISO 22737
Intelligent transport systems – Low-Speed Automated Driving (LSAD) systems for predefined routes –
performance requirements, system requirements and performance test procedures version 2017 (draft
version) 3.
The results outlined in this section represent the one as-tested EasyMile EZ10 LSAS vehicle. Test
scenarios were selected and prioritized to represent the Ottawa on-road trial but were not exhaustive due
to time limitations.

5.1

Test Equipment

5.1.1 Test Vehicle
The test vehicle was an EasyMile EZ10 2nd generation automated shuttle (further details in Appendix C).
Shuttle technical specifications are provided in Table 1. EasyMile stated safe weather conditions for shuttle
operation are outlined in Table 2.

2
3

https://cdn.euroncap.com/media/58226/euro-ncap-aeb-vru-test-protocol-v303.pdf
https://www.iso.org/standard/73767.html
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Table 1: Shuttle technical specifications
Class

Automated Shuttle (SAE level 4)

Length / Width

4050 mm / 1892 mm

Gross Vehicle Weight (fully loaded)
1

2,750 kg

Curb Weight (empty) 2

1,970 kg

Accessibility

Mobility ramp equipped

Battery Capacity

30.72 kWh (7.68 kWh x 4 packs)

Electric Motor / Transmission

Propulsion engine (electric asynchronous) / Single Gear

Range

16 hours

Navigational Aids

360 view coverage LIDAR technology
High precision GPS
Inertial measurement unit (IMU)
Wheel encoder
Navigation Version Voyager 8

Drive / Steering

4 wheel drive / 4 wheel steering

Tire (Make/Model/Size) 3

Continental, Van Contact, All Season, 195/70R15C

1

Manufacturer stated
Measured by NRC on Nov 10, 2020
3
As equipped during testing
2
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Table 2: EasyMile safe weather operating conditions for shuttle

1

Parameter

Operational Range

Temperature

-10 Degrees C to 45 Degrees C1

Humidity

Between 5% and 95%1

Rain

Light (<10 mm/h)1

Snow

Light1

Wind

Sustained speed >50 km/h or gusts at >60 km/h1

Dust/Fog

200 meter visibility minimum1

Additional

No roadway water accumulation/flow or hail1

Manufacturer stated parameters

5.1.2 Weight Measurements
Shuttle weigh was recorded 10 November, 2020 at the conclusion of the testing day at Tunney’s Pasture.
The shuttle interiors were emptied of all items, no occupants were onboard and all Area X.O installed
instrumentation was removed prior to obtaining of the shuttle weights
Vehicle weight was measured using portable weigh scales (Massload ML-Slim) with a capacity of 1,800 kg
(4,000 lbs) each, a resolution of 0.45 kg (1 lb) and an accuracy of 0.5% full scale. The scales were
connected to an NRC owned and operated IMC data acquisition system, zeroed and then driven onto. The
process was conducted once for each shuttle. Both shuttles recorded weights indicated a 49.6/50.4 front
to rear weight balance. Shuttle 1 measured a 54.5/45.5 and Shuttle 2 measured a 56.5/43.5 left to right
weight balance. The measured weights for each shuttle are presented in Table 3. It is not known why there
was a total weight discrepancy of ~16 kg (37 lbs) between the two shuttles.
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Table 3: Measured shuttle wheel weights (kg)

5.2

Shuttle 1

Shuttle 2

Left Front

512 kg (1129 lb)

516 kg (1137 lb)

Left Rear

561 kg (1236 lb)

588 kg (1296 lb)

Right Front

466 kg (1028 lb)

454 kg (1000 lb)

Right Rear

431 kg (950 lb)

396 kg (873 lb)

Total Weight

1,970 kg (4,343 lb)

1,954 kg (4,306 lb)

Front / Rear

49.6 / 50.4

49.6 / 50.4

Left / Right

54.5 / 45.5

56.5 / 43.5

Test Facilities

5.2.1 Area X.O Test Track
VRU scenario testing was performed at two intersections, test area 1 and 2, at the Area X.O development
and testing track facility located at 1740 Woodroffe Avenue, Ottawa. Test area 1, a 4-way signalized
intersection with lane markings, pedestrian crosswalks and overhead street lights was used to conduct VRU
testing scenarios 1 to 10 and 13 to 17. Test area 2, a 3-way intersection with no signalization or traffic
signage, no lane markings and no overhead lighting was used to conduct testing scenarios 11 and12. The
test areas are shown in Figure 5.
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Test Area 2

Test Area 1

Figure 5: VRU test areas at Area X.O development and testing facility
Due to time constraints, it was necessary to conduct some test scenarios outside of daylight hours. These
tests included VRU scenarios 2, 8, 9 and 10 which were performed at test area 1. The street and intersection
used during testing were illuminated by overhead street lights, as shown in Figure 6.
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Figure 6: Test Area 1 night testing illumination by street lights

5.3

Instrumentation and Data Acquisition

All test instrumentation used during testing was provided by Area X.O. Area X.O personnel were
responsible for all equipment setup and configuration with assistance from NRC. The shuttle was
instrumented with an Oxford Technical Solutions Ltd (OxTS) RT3000 RTK GNSS-added inertial
measurement system. VRU targets were controlled by a 4Active SB which is the offical Euro NCAP
propulsion system to perform all VRU testing. RTK correction signals and syncronization between the
4Active control system and the RT3000 system were performed via a Wi-Fi signal.

5.3.1 OxTS RT3000 RTK system
During VRU testing, the shuttle was instrumented with an OxTS RT3000 (V3) inertial measurement unit
(IMU) equipped with a dual antenna global navigation satellite system (GNSS) receiver that provided highprecision position and velocity measurements.
The RT3000 system was mounted in the longitudinal direction of the shuttle’s interior, positioned 9 inches
above the shuttle’s floor and at the longitudinal and lateral centre point of the vehicle as shown in Figure 7.
The RT3000 system was secured in position using an OxTS RT-Strut and customized bracing.
The primary and secondary RT3000 GNSS antennas, separated by 2.05 m, were mounted using an OxTS
dual antenna roof mount positioned longitudinally on the roof of the shuttle to the left of the shuttle’s HVAC
system, as shown in Figure 8. An OxTS RT-XLAN wireless local area network (LAN) radio unit, centrally
mounted at the top of the shuttle, was used for communication and synchronization between the shuttle
and the VRU target control system.
An NTRIP service was used by the RT3000 system to receive and share global positioning system (GPS)
differential correction signals.
The recorded data parameters included shuttle speed, position, heading, angular velocity (yaw, pitch, and
roll rate), linear acceleration (longitudinal, lateral, vertical) time-to-collision and distance-to-target. Data
recorded with the RT3000 system was exported to csv format and data analysis was performed using IMC
FAMOS ver7.4 software.
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Figure 7: RT3000 device installation inside shuttle during VRU testing

Figure 8: RT3000 GPS antenna installation on shuttle roof during VRU testing

5.3.2 4Active Systems VRU control and propulsion system
The VRU targets were controlled using a 4Active SB test dummy propulsion system. This system is the
official system used when testing Euro NCAP scenarios for AEB/AES-VRU tests. The 4Active SB system
was integrated with the OxTs RT3000v3 GNSS/Inertial system to produce precise trigger points for accurate
automated testing. Adjustments were made to pre-programmed Euro NCAP standard tests on the 4Active
SB unit, to correspond with the specific test scenario (adjustments such as speed and direction of VRU,
impact point, etc). The 4active SB system, in harmony with the OxTs RT3000v3 system, processes and
calculates when the test dummy will be triggered to fulfill the specific test scenario. The 4Active control unit
and VRU drive belt configuration layout for transversal and longitudinal testing scenarios is shown in Figure
9. Left hand turn testing scenario utilized the transversal layout.
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Figure 9: Transversal and longitudinal 4Active VRU setup

5.3.3 Vulnerable Road User targets
Official Euro NCAP pedestrian and bicyclist targets (EPTa, EPTc, and EBTa) were used during VRU testing.
4activePA pedestrian targets used included a 50% adult male, a 7-year-old child and a 50% adult male on
standard average European utility bike. A realistic body proportioned Canada goose decoy was also used
to recreate an expected Goose interaction scenario at the Tunney’s Pasture trial route site. VRU targets
utilized in testing are show in Figure 10.

Figure 10: Adult bicyclist (EBTa), adult pedestrian (EPTa), child pedestrian (EPTc) and goose VRU
targets
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5.3.4 Video and Still Camera Recording
A Sony HDR-CX580V HD video camera was used to capture testing scenarios. A Canon Powershot G12
digital camera and a Samsung Galaxy S8+ smartphone was used to capture still images during testing. A
sample of each test scenario was captured on video.

5.4

Phase 3 Weather Data

A summary of weather conditions for each of the Phase 3 test days is provided in Appendix F. Weather
data during testing are obtained from the Government of Canada historical weather data archive, available
at http://climate.weather.gc.ca/historical_data/search_historic_data_e.html. The weather for NRC is
obtained from the MacDonald-Cartier International Airport reporting station. A Davis Instruments Vantage
Pro2 weather station was setup near test area 1 during VRU testing as a quick track side reference of
winds. Light rain was experienced during scenarios 1 and 3 tests and did not affect testing or shuttle
operation.
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5.5

Test Procedure

Testing was performed on 19-23 October, 2020, at the Area X.O test track, following the procedures (with
deviations) detailed in Euro NCAP Test Protocol – AEB VRU Protocol version 3.0.2 and ISO 22737
Intelligent transport systems – Low-Speed Automated Driving (LSAD) systems for predefined routes –
performance requirements, system requirements and performance test procedures version 2017 (draft).
During testing, the convention specified in ISO 8855:2011 was used, in which the x-axis points towards the
front of the vehicle, the y-axis towards the left and the z-axis upwards (right hand system).
Shuttle frontal impact points were determined by defining a virtual profile line around the front of the shuttle
and segmenting this line into 5 equally distributed points. The 0% impact point corresponds to the side of
the VRU’s start position (nearside vs farside). The nearside corresponds to the shuttle’s right side (curbside)
and the farside corresponds to the shuttle’s left side (farside), as defined in the Euro NCAP Test Protocol
AEB VRU Systems V3.0.2. Testing focused on nearside VRU impacts versus farside.
Impact points on the shuttle’s front bumper, nearside and farside VRU approaches, are illustrated in Figure
11.

Figure 11: Impact points on shuttle’s front bumper with a Nearside and Farside VRU approach
During testing scenarios the shuttle operated without driver input as long as predefined operating conditions
were met.
The following minimal vehicle operating capabilities were tested:
 Following a predefined route;
 Detection of hazardous situations and/or obstacles (i.e. VRU target);
 Initiation of braking to mitigate and/or avoid a collision with obstacles.
 Performing of a minimal risk manoeuver (MRM).
The following minimal vehicle operating capability was not tested:
 Initiation of steering to mitigate and/or avoid a collision with obstacles.
Area X.O, Transport Canada, EasyMile and National Research Council were involved in development of
the VRU testing matrix. Test scenarios were selected to best match expected VRU as obstacles and the
pre-defined shuttle route at Tunney’s Pasture during Phase 4 of the project.
A total of seventeen (17) testing scenarios were performed which are outlined in Table 4. A brief description
of each testing scenario is provided in Section 5.5.1 through 5.5.17.
Testing scenarios conducted included the following:
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Three longitudinal scenarios;
Five transversal scenarios;
One blocked area scenario;
Three left turn scenarios; and
Five proximity scenarios.

A right turn scenario was not conducted. The decision to not conduct a right turn scenario was based on
the fact that the shuttle would not be required to perform any right hand turns on the Tunney’s Pasture onroad test route. This decision was approved by Transport Canada.
Occluded transversal testing scenarios, where the shuttle’s view was blocked by a car parked on the
shuttle’s right side (Nearside), was conducted using a child and bicycle VRU.
Table 4: VRU utilization in testing scenarios
Test

Adult
VRU

Child
VRU

Bicyclist
VRU

Goose
VRU

Bicyclist

Longitudinal

Yes

No

Yes

Yes

No

Nearside

Yes

Yes 1

Yes 2

No

No

Farside

Yes

No

No

No

No

Nearside

No

Yes

Yes

No

No

Farside

Yes

No

No

No

No

Transversal

Left Turn
Nearside
Right Turn

Scenario Not Tested
Farside
Nearside

No

No

No

No

Yes

Farside

No

No

No

No

Yes

No

No

No

No

No

Proximity
Blocked Area
1
2

Occluded view
Occluded and non-occluded view

The goal of the VRU scenario tests was to determine which external factors influence the shuttle’s
performance. The shuttle was expected to detect and brake to avoid a collision with the VRU target for each
of the selected test scenarios.
The goal of the proximity scenario tests was to evaluate the shuttle’s response to scenarios where a bicyclist
traveled within the shuttle’s sensor detected area(s) but did not cross the shuttle’s path. For these scenarios
the shuttle was expected to detect the bicyclist but not abruptly stop as there was no risk of an immediate
collision.
Details of completed VRU test scenarios performed, including the number of test runs completed, are
provided in Table 5. Details of completed proximity test scenarios performed, including the number of test
runs completed, are provided in Table 6.
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Table 5: VRU scenarios tested
Test
Scenario

Test

VRU
Position

VRU

View
Occluded

Impact
Location

Test Runs
Conducted

Euro NCAP
Procedure

ISO 22737
Procedure

1

Longitudinal

Inline

Adult

No

50%

5

CPLA-50

11.3.1.1 (c)

2

Longitudinal

Nearside

Bicyclist

No

0%

5

CBLA-0

11.3.2.1 (c)

3

Longitudinal

Inline

Goose

No

50%

5

CPLA-50

11.3.1.1 (c)

4

Blocked
Area

None

None

No

None

5

None

11.4.1 (b)

5

Transverse

Nearside

Adult

No

50%

5

CPNA-50

11.3.1.1 (a)

6

Transverse

Farside

Adult

No

50%

5

CPFA-50

11.3.1.1 (a)

7

Transverse

Nearside

Child

Yes

50%

5

CPNC-50

11.3.1.1 (b)

8

Transverse

Nearside

Bicyclist

No

50%

5

CBNAO-50

11.3.2.1 (a)

9

Transverse

Nearside

Bicyclist

Yes

50%

5

CBNA-50

11.3.2.1 (b)

10

Left Turn

Nearside

Child

No

50%

5

CPTA-50

11.3.3.1

11

Left Turn

Farside

Adult

No

50%

5

CPTA -50

11.3.3.1

12

Left Turn

Nearside

Bicyclist

No

50%

5

CPTA-50

11.3.3.1

Layout of the test paths necessary to complete VRU testing were determined by EasyMile, Area X.O and
NRC personnel. The EasyMile shuttle was operated in manual mode by an EasyMile trained operator along
the specified test routes. The manually navigated route was then used as the automated test route during
VRU testing scenarios.
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Table 6: Proximity scenarios tested
Test
Scenario

Test

Bicyclist
Position

VRU

Scenario Description

Test Runs
Conducted

Euro NCAP
Procedure

ISO 22737
Procedure

13

Proximity

Nearside

Bicyclist

Bicyclist trailing
shuttle

1

None

11.3.4.1

14

Proximity

Nearside

Bicyclist

Bicyclist trailing then
passing shuttle

1

None

11.3.4.1

15

Proximity

Nearside

Bicyclist

Bicyclist leading
shuttle

1

None

11.3.4.1

16

Proximity

Nearside

Bicyclist

Bicyclist leading
shuttle

1

None

11.3.4.1

17

Proximity

Farside

Bicyclist

Bicyclist leading
shuttle

1

None

11.3.4.1

An EasyMile operator travelled inside the shuttle during all VRU testing scenarios and had the ability to
manually stop the shuttle if they felt necessary. An Area X.O employee sat inside the shuttle during all VRU
scenario testing and was responsible for the operation and monitoring of the RT3000 system. An Area X.O
employee operated the 4Active Systems VRU control system during all VRU testing scenarios using a tablet
computer. An NRC employee witnessed all testing scenarios from outside the shuttle and assisted with
RT3000 system operation and 4Active Systems VRU control system operation.

5.5.1 VRU Test Scenario 1 - Longitudinal, Adult Pedestrian, Inline
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards an
adult pedestrian walking in the same direction traveling at 5 km/h in front of the shuttle where the vehicle
strikes the pedestrian at 50% of the shuttle’s width when no braking action is applied, or an evasive steering
action is initiated. Testing was conducted on October 19th between 1900 and 2100 hrs. A schematic of the
test scenario and representative shuttle and VRU positions are shown in Figure 12.

Figure 12: Test scenario 1, longitudinal, adult pedestrian, inline
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5.5.2 VRU Test Scenario 2 - Longitudinal, Bicyclist, Nearside
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards a
bicyclist traveling at a speed of 15 km/h at the shuttles nearside and in the same direction in front of the
shuttle where the vehicle strikes the pedestrian at 0% of the shuttle’s width when no braking action is
applied, or an evasive steering action is initiated. Testing was conducted on October 22nd between 1800
and 2030 hrs. A schematic of the test scenario and representative shuttle and VRU positions are shown in
Figure 13.

Figure 13: Test scenario 2, longitudinal, bicyclist, nearside

5.5.3 VRU Test Scenario 3 - Longitudinal, Goose, Inline
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards a
Canada Goose decoy walking at 5 km/h in the same direction in front of the shuttle where the vehicle strikes
the goose at 50% of the shuttle’s width when no braking action is applied, or an evasive steering action is
initiated. Testing was conducted on October 19th between 1500 and 1700 hrs. A schematic of the test
scenario and representative shuttle and VRU positions are shown in Figure 14.

Figure 14: Test scenario 3, longitudinal, goose, inline

NRC-CNRC
© 2021

National Research Council Canada
Automotive and Surface Transportation

Version 2.0

26

AST-2021-0010

5.5.4 VRU Test Scenario 4 - Blocked Area, Vehicle on Both Sides
A scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h and encounter
vehicles parked on either side of the mapped route narrowing the travel path. A gap of 1 meter separated
the shuttle’s left and right sides from the obstacles. The vehicles were positioned to have their front bumpers
aligned perpendicularly to the shuttle travel path. Obstacle vehicles were a 2020 Toyota Camry (right side)
and a 2005 Dodge Ram 2500 (left side). Testing was conducted on October 20th between 1000 and 1200
hrs. A schematic of the test scenario and representative shuttle and vehicle obstacle positions are shown
in Figure 15.

Parked Passenger Car

Parked Pick-up Trick

Figure 15: Test scenario 4, blocked area, vehicle on both sides

5.5.5 VRU Test Scenario 5 - Transversal, Adult Pedestrian, Nearside
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards an
adult pedestrian traveling at 5 km/h transversally crossing the shuttle path from the nearside direction where
the vehicle strikes the pedestrian at 50% of the shuttle’s width when no braking action is applied, or an
evasive steering action is initiated. Testing was conducted on October 20th between 1400 and 1600 hrs. A
schematic of the test scenario and representative shuttle and VRU positions are shown in Figure 16.

Figure 16: Test scenario 5, transversal, adult pedestrian, nearside

5.5.6 VRU Test Scenario 6 - Transversal, Adult Pedestrian, Farside
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards an
adult pedestrian traveling at 5 km/h transversally crossing the shuttle path from the farside direction where
the vehicle strikes the pedestrian at 50% of the shuttle’s width when no braking action is applied, or an
evasive steering action is initiated. Testing was conducted on October 22nd between 1330 and 1500 hrs.
A schematic of the test scenario and representative shuttle and VRU positions are shown in Figure 17.
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Figure 17: Test scenario 6, transversal, adult pedestrian, farside

5.5.7 VRU Test Scenario 7 - Transversal, Child Pedestrian, Nearside, Occluded
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards an
adult pedestrian traveling 5 km/h transversally crossing the shuttle path from the nearside direction who is
occluded by an obstruction where the vehicle strikes the pedestrian at 50% of the shuttle’s width when no
braking action is applied, or an evasive steering action is initiated. Lateral spacing between the shuttle and
parked vehicles was 1 meter. Longitudinal separation between the parked vehicles was 1.15 metres and
spacing between the front parked vehicle front bumper and the VRU path of travel was 1.15 metres.
Obstacle vehicles were a 2020 Toyota Camry (front) and a 2005 Dodge Ram 2500 (rear). Testing was
conducted on October 20th between 1500 and 1700 hrs. A schematic of the test scenario and
representative shuttle and VRU positions are shown in Figure 18.

Parked Car and Truck

Figure 18: Test scenario 7, transversal, child pedestrian, nearside, occluded

5.5.8 VRU Test Scenario 8 - Transversal, Bicyclist, Nearside
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards a
bicyclist travelling at 15 km/h transversally crossing the shuttle path from the nearside direction where the
shuttle strikes the bicyclist at 50% of the shuttle’s width when no braking action is applied, or an evasive
steering action is initiated. Testing was performed after sunset with the street and intersection lit by street
lights during testing. Testing was conducted on October 20th between 1800 and 2130 hrs. A schematic of
the test scenario and representative shuttle and VRU positions are shown in Figure 19.
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Figure 19: Test scenario 8, transversal, bicyclist, nearside

5.5.9 VRU Test Scenario 9 - Transversal, Bicyclist, Nearside, Occluded
A collision scenario was conducted which had the shuttle travel forwards at a speed of 15 km/h towards a
bicyclist traveling at 15 km/h transversally crossing the shuttles path from the nearside direction who is
occluded behind an obstruction where the vehicle strikes the bicyclist at 50% of the shuttle’s width when
no braking action is applied, or an evasive steering action is initiated. Testing was conducted on October
20th between 1630 and 1800 hrs. A schematic of the test scenario and representative shuttle, VRU and
vehicle obstacle positions are shown in Figure 20.

Parked Car and Truck

Figure 20: Test scenario 9, transversal, bicyclist, nearside, occluded

5.5.10 VRU Test Scenario 10 - Left Turn, Child Pedestrian, Nearside
A collision scenario where the shuttle traveling at 8 km/h conducts a left-hand turn toward an adult
pedestrian traveling at 5 km/h crossing in the shuttle’s path travelling from the nearside direction at an
intersection. The frontal structure of the shuttle strikes the adult pedestrian at 50% of the vehicle’s width
when no brake application is applied. Testing was conducted on October 21 between 1600 and 1830 hrs.
A schematic of the test scenario and representative shuttle and VRU positions are shown in Figure 21.
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Figure 21: Test scenario 10, left turn, child pedestrian, nearside

5.5.11 VRU Test Scenario 11 - Left Turn, Adult Pedestrian, Farside
A collision scenario where the shuttle traveling at 8 km/h conducts a left-hand turn toward an adult
pedestrian traveling at 5 km/h crossing in the shuttles path travelling from the farside direction at an
intersection. The frontal structure of the shuttle strikes the adult pedestrian at 50% of the vehicle’s width
when no brake application is applied. Testing was conducted on October 23rd between 1630 and 1730 hrs.
A schematic of the test scenario and representative shuttle and VRU positions are shown in Figure 22.

Figure 22: Test scenario 11, left turn, adult pedestrian, farside

5.5.12 VRU Test Scenario 12 – Left Turn, Bicyclist, Nearside
A collision scenario where the shuttle traveling at 8 km/h conducts a left-hand turn toward a bicyclist
traveling at 15 km/h crossing in the shuttles path travelling from the nearside direction at an intersection.
The frontal structure of the shuttle strikes the bicyclist at 50% of the vehicle’s width when no brake
application is applied. Testing was conducted on October 23rd between 1200 and 1400 hrs. A schematic
of the test scenario and representative shuttle and VRU positions are shown in Figure 23.
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Figure 23: Test scenario 12, left turn, bicyclist, nearside

5.5.13 VRU Test Scenario 13 - Proximity, Bicyclist, Nearside, Trailing Shuttle
In this proximity scenario, a bicycle is initially stopped one meter to the right side (Nearside) and 4 metres
behind a stopped shuttle. The shuttle begins to travel forwards at a speed of 15 km/h with the bicyclist
following with the bicycle front tire remaining in-line with the virtual profiled line defining the rear of the
shuttle. The bicyclist follows the shuttle for approximately 20 seconds before performing a right hand turn
as the shuttle continues along its forwards path.Testing was conducted on October 23rd at 1345 hrs. A
person riding a bicycle in place of a VRU dummy target was utilized during testing due to the lack of a
4Active VRU propulsion control scenario necessary to perform this test. A schematic of the test scenario
and representative shuttle and VRU positions are shown in Figure 24.

Figure 24: Test scenario 13, proximity, bicyclist, nearside, trailing shuttle

5.5.14 VRU Test Scenario 14 - Proximity, Bicyclist, Nearside, Start Trailing Then
Pass Shuttle
In this proximity scenario, a bicycle is initially stopped one metre to the right side (Nearside) of the shuttle
with the bicycle front tire in-line with the virtual profiled line defining the rear of the stopped shuttle. The
shuttle and bicyclist both begin travelling forwards at the same time with the bicyclist slowly overtaking the
shuttle, over a duration of approximately 3 seconds, on the right side at a lateral distance of 1 meter. The
bicyclist continues to increase their speed after overtaking the shuttle eventually obtaining a forward
distance of ~6 metres in-front of the shuttle. Testing was conducted on October 23rd at 1350 hrs. A person
riding a bicycle in place of a VRU dummy target was utilized during testing due to the lack of a 4Active VRU
propulsion control scenario necessary to perform this test. A schematic of the test scenario and
representative shuttle and VRU positions are shown in Figure 25.
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Figure 25: Test scenario 14, proximity, bicyclist, nearside, trailing then passing shuttle

5.5.15 VRU Test Scenario 15 - Proximity, Bicyclist, Nearside, Beside Shuttle
In this proximity scenario, a bicycle is initially stopped 1 meter to the right side (Nearside) of the shuttle with
the bicycle front tire in-line with the virtual profiled line defining the front of the stopped shuttle. The shuttle
and bicyclist both begin travelling forwards at the same time with the bicyclist quickly accelerating to a
distance of approximately 5 metres in-front of the shuttle. The bicyclist continues their path forwards over
a distance of approximately 30 metres while the shuttle follows maintaining a distance of at least 4 metres.
The bicyclist approaches and stops at a designated roadway stop line as the shuttle slowly approaches
from behind and comes to a stop alongside the bicyclist. Testing was conducted on October 23rd at 1355
hrs. A person riding a bicycle in place of a VRU dummy target was utilized during testing due to the lack of
a 4Active VRU propulsion control scenario necessary to perform this test. A schematic of the test scenario
and representative shuttle and VRU positions are shown in Figure 26.

Figure 26: Test scenario 14, proximity, bicyclist, nearside, beside shuttle

5.5.16 VRU Test Scenario 16 - Proximity, Bicyclist, Nearside, Leading Shuttle
In this proximity scenario, a bicycle is initially stopped 1 meter to the right side (Nearside) of and 5 metres
in-front of a stopped shuttle. The shuttle and bicyclist both begin travelling forwards at the same time with
the bicyclist maintaining a distance of approximately 5 metres in-front of the shuttle. The bicyclist continues
their path forwards over a distance of approximately 30 metres while the shuttle follows maintaining a
distance of less than 4 metres. The bicyclist approaches and stops at a designated roadway stop line as
the shuttle slowly approaches from behind and comes to a stop alongside the bicyclist. Testing was
conducted on October 23rd at 1400 hrs. A person riding a bicycle in place of a VRU dummy target was
utilized during testing due to the lack of a 4Active VRU propulsion control scenario necessary to perform
this test. A schematic of the test scenario and representative shuttle and VRU positions are shown in Figure
27.
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Figure 27: Test scenario 15, proximity, bicyclist, nearside, leading shuttle

5.5.17 VRU Test Scenario 17 - Proximity, Bicyclist, Farside, Leading Shuttle
In this proximity scenario, a bicycle is initially stopped 2 metres to the left side (Farside) with the bicycle
front tire in-line with the virtual profiled line defining the front of the stopped shuttle. The shuttle and bicyclist
both begin travelling forwards at the same time with the bicyclist maintaining a distance of 2 metres to the
farside with the bicycle front tire in-line with the virtual profiled line defining the front as the shuttle travels
forwards at a speed of 15 km/h. The test concludes with the bicyclist coming to a stop as the shuttle
continues to travel forwards along it route. Testing was conducted on October 23rd at 1405 hrs. A person
riding a bicycle in place of a VRU dummy target was utilized during testing due to the lack of a 4Active VRU
propulsion control scenario necessary to perform this test. A schematic of the test scenario and
representative shuttle and VRU positions are shown in Figure 28.

Figure 28: Test scenario 16, proximity, bicyclist, farside, leading shuttle

5.5.18 Shuttle Restricted Operation Design Domain (ODD)
EasyMile has operational conditions, Operational Design Domain (ODD), under which the shuttle is
specifically designed to function, including, environmental, geographical, and the presence or absence of
certain traffic or roadway characteristics. VRU scenario testing conducted fell both inside and outside the
operational design domain of the shuttle as approved by EasyMile. VRU test scenarios that fell outside of
the EasyMile ODD as well as a brief description explaining why is provided in Table 7
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Table 7: Shuttle Restricted Operation Design Domain
VRU Test
Scenario

ODD
Met

Reason the scenario is approved or not
approved by EasyMile ODD

ISO 22737 Test Procedure
11.3.1.1 (c) Pedestrian as an obstacle,
longitudinal

1 to 4

Yes

Within ODD approved by EasyMile.
11.4.1.1 (c) Bicyclist as an obstacle,
longitudinal


5 to 9

10 to 12

No

No

13 to 17

NRC-CNRC
© 2021

EasyMile limits shuttle speed at
pedestrian crossings to 10 km/h.

Shuttle is programmed to yield before a
pedestrian crossing.

Scenarios are beyond the Global Safety
Concept of EasyMile. These scenarios
would not be approved for a real world
shuttle deployment.

In situations of other road users behaving
outside of standard traffic laws:
If a pedestrian would cross the street at
5km/h outside of a designated
crosswalk, the shuttle, detecting the
pedestrian, is programmed to stop.
EasyMile Customer Service Agents
(CSA) are trained to remain vigilant of
surroundings and trigger a soft stop, or
an emergency stop. The CSA is able to
trigger an audible bell to gain the
attention of pedestrians.
If a Bicyclist does not cross at a proper
intersection (either at a crosswalk, not
walking the bike or in the middle of the
street) CSAs are trained to trigger an
emergency stop.

11.3.1.1 (a) Pedestrian as an obstacle,
transversal, non-occluded



11.3.3.1 Hazardous situation turning
around a corner



EasyMile programs shuttles to stop at all
intersections where the shuttle does not
have the right of way over all other road
users.
The shuttle environment is scanned by
onboard sensors for validation and/or the
intersection is validated by the onboard
CSA.

Within ODD approved by EasyMile.

11.3.1.1 (b) Pedestrian as an obstacle,
transversal, occluded
11.4.1.1 (a) Bicyclist as an obstacle,
transversal, non-occluded
11.4.1.1 (b) Bicyclist as an obstacle,
transversal, occluded

11.3.4.1 False positive
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Data Analysis

The following describes how the VRU testing scenario data recorded using the RT3000 system was
analyzed. For each VRU test scenario, 5 individual test runs were analyzed with the average values
presented in the following Section 5. Data was not recorded during proximity scenario test runs so no data
was available for analysis.
For each individual test run, data was recorded onto the RT3000 memory card as a separate file. Upon
completion of testing, the recorded data was exported using the OxTS NAVsolve software, to a CSV format
data file. These CSV format files were imported and analyzed using IMC Test and Measurement FAMOS
Professional v7.4. Test data was exported by Area X.O and provided to NRC.
Shuttle speed was calculated using recorded data parameter Speed Horizontal m/s. Exported shuttle speed
data was converted to km/h by multiplying the recorded data signal by either 3.6, if the data was exported
as m/s, or 1.609, if the data was exported as mph.
Automated emergency braking time (TAEB) was defined as the time where the shuttle automated emergency
braking was applied automatically after detection of the VRU target. Activate time was determined by
identifying the last data point where the filtered acceleration signal, recorded data parameter Acceleration
Filtered Forwards m/s2, was below -1 m/s2, and then going back to the point where the acceleration first
crossed -0.3 m/s2, as per outlined in Euro NCAP Test protocol – AEB VRU systems version 3.0.2.
Time to collision (TTC) was calculated as the remaining time before the shuttle struck the VRU target
assuming that the shuttle and VRU would continue to travel with the speed it is traveling.
Distance at braking was calculated as the distance between the virtual profile line defined around the front
of the shuttle and the VRU target trajectory path at the shuttle final stopping position. The lateral center
position of the front shuttle virtual profile line was used.
Speed reduction was calculated as the shuttle’s speed between TAEB and the shuttle coming to a complete
stop (0 km/h).
Shortest distance was both calculated and physically measured as the distance between the virtual profile
line defined around the front of the shuttle and the VRU target trajectory path, centre of VRU, at the shuttles
final stopping position.
VRU speed was set by the 4Active control software and was hard coded to individual test scenario
templates. 4Active VRU control system data was recorded onto a CF card contained within the VRU control
boxes.
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5.7

Results

The following section details the results of each of the individual tests performed on the EasyMile EZ10
shuttle, as described in Section 5.5. Testing was conducted 19-23 October, 2020.
The following criteria was used to confirm the shuttles readiness to be deployed in mixed traffic conditions
at the Tunney’s Pasture on-road test site:
 Navigation quality and accuracy during the Area X.O testing campaign;
 Appropriate behaviour at intersections;
 Appropriate behaviour at crosswalks;
 Appropriate behaviour around other road users;
 Appropriate behaviour around vulnerable road users (VRU);
 Appropriate behaviour when approaching stations;
 Appropriate behaviour when leaving stations; and
 Appropriate behaviour at the operation times of the day (morning, evenings, etc.).

5.7.1 VRU Testing Conducted at Area X.O Test Track
Pass criteria for each test scenario required the shuttle to successfully detect a Minimal Risk Manoeuver
(MRM) trigger condition (pedestrian, bicyclist, Canada goose, and vehicle) and takes necessary steps to
bring the shuttle to a controlled safe standstill as well as inform the shuttle operator that an MRM has been
initiated and that a Minimal Risk Condition (MRC) had been attained.
The shuttle did not impact the VRU target during any of the testing scenarios. The shuttle speed and braking
maneuvers remained very consistent throughout the entire range of testing scenarios.
There was one instance during testing that the VRU bicycle target became unstable on its platform, while
traveling along its trajectory, and fell over during a test run.

5.7.1.1 Vulnerable Road User Scenarios
Twelve vulnerable road user scenario tests were performed each consisting of 5 individual tests runs for a
total of sixty individual tests runs. Data presented in this report is based on the analysis of these test runs.
Average values of results obtained during VRU testing are presented in Table 8.
During final data analysis, it was realized that during VRU test scenarios 2, 10, 11 and 12, where the VRU
dummy movement was manually triggered, the recorded VRU and shuttle trigger data did not time sync
correctly. The lack of a proper aligned sync signal within the raw data limited what analysis could be
completed.
Average daily temperatures during testing were within the specified limits outlined in Euro NCAP Test
Protocol – AEB VRU systems V3.0.2. Average daily temperatures ranged from 6.3 to 20.7°C with the
weekly average being 11.0°C. Light rain was experienced on days 1 and 3 of testing but was not substantial
enough to cause water pooling on the test roadway surface and ground visibility remained greater than
1km. Average daily wind speeds ranged from 5 to 19 km/h (1.3 to 5.3 m/s) which were below the maximum
recommended Euro NCAP value of 10m/s.
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Table 8: Average values of results obtained during VRU Testing
VRU Start
Position

Shuttle
Speed
(km/h)

VRU
Speed
(km/h)

Distance
at Braking
(m)

TTC at
Braking (s)

Speed
Reduction
(km/h)

Shortest
Distance
(m)

Impact

Shuttle Path

VRU
Type

1

Longitudinal

EPTa

Inline

15

5

2.62

2.64

5.19

2.00

50%

2

Longitudinal

EBT

Nearside

15

15

*

*

3.32

2.00

25%

3

Longitudinal

Goose

Nearside

15

5

*

*

3.37

2.00

50%

4

Block Area

None

None

15

n/a

n/a

n/a

n/a

n/a

None

5

Transverse

EPTa

Nearside

15

5

5.43

1.65

13.08

2.77

50%

6

Transverse

EPTa

Farside

15

5

*

*

14.83

3.22

50%

7

Transverse

EPTc

Nearside

15

5

1.58

1.57

3.68

1.34

50%

8

Transverse

EBT

Nearside

15

15

*

*

13.14

>0.25

50%

9

Transverse

EBT

Nearside

15

15

0.91

0.84

3.99

0.55

50%

10

Left Turn

EPTc

Nearside

7

5

*

*

6.63

>0.25

50%

11

Left Turn

EPTa

Farside

7

15

*

*

6.79

~1.00

50%

12

Left Turn

EBT

Nearside

7

5

*

*

6.59

>2.00

50%

N/A

N/A

2.64

1.35

7.33

1.58

Test
Scenario

Average

*. Data was not able to be analyzed due to issues with the recorded TTC and distance to collision data

A graphical comparison of peak acceleration, speed reduction and shortest stopping distance for each VRU
test scenario is provided in Figure 29.
Low shuttle deceleration rates were experienced and recorded during longitudinal tests due in part to the
amount of time the shuttle had to detect and react to the VRU dummy in its forward path. Peak shuttle
decelerations were recorded during transversal tests 5 (adult, nearside), 6 (adult, farside) and 8 (bicyclist,
nearside). Occluded transversal tests 7 (child, nearside) and 9 (bicyclist, nearside) experienced lower peak
shuttle decelerations due to the shuttle decreasing in speed from 15 km/h to an average speed of ~5 km/h,
due to detecting the parked vehicles on its nearside, prior to detecting and stopping to avoid the VRU
dummy.
During longitudinal testing, after initial braking application, the shuttle averaged a speed reduction of 3.96
km/h. During transversal testing, non-occluded and occluded, after initial braking application, the shuttle
averaged speed reductions of 13.95 km/h and 3.835 km/h, respectively. During left turn testing, after initial
braking application, the shuttle averaged a speed reduction of 6.67 km/h.
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Figure 29: VRU test scenario average results – Graphs
A graphical comparison of TTC at braking and shortest stopping distance for each VRU test scenario is
provided in Figure 30. Distance at braking and Time to Collision (TTC) at braking graphs are missing data
for test scenarios 2, 3, 6, 8, 10, 11, and 12 due to insufficient recorded data parameters available to
calculate these values.
A comparison analysis of average peak deceleration and average shortest distance for all bicycle and adult
VRU target tests is provided in Figure 31 and Figure 32.
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Figure 30: Average TTC at braking and average distance at braking results
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Shortest Distance (m)
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1
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0
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Figure 31: Average shortest distance for bicycle VRU target tests (scenario 2, 8, 9 and 12)

Shortest Distance (m)
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Figure 32: Average shortest distance for adult VRU target tests (scenario 1, 5, 6 and 11)
A comparison analysis of shuttle speed and longitudinal acceleration recorded during scenario 2 testing is
provided in Figure 33. The graph shows how the initial shuttle acceleration from a stop position to the
desired test speed of 15 km/h is very similar for each test run and deviates slightly until initial detection of
the stationary bicyclist VRU target, occurring ~13 seconds into each test run. Shuttle speed variation after
initial VRU detection is due to slight variances in the manual triggering of the VRU target and the initial start
of movement of the VRU target. Data variable Time to Collision was not available for analysis so TTC and
Distance and Braking could not be analyzed or presented. Due to this fact, scenario 2 data was analyzed
by determining the shuttle’s final full stop position (speed 0 km/h) and going back four seconds. Average
longitudinal acceleration was analyzed during this 4 second time frame.
During longitudinal testing, the shuttle came to a complete or near complete stop and slowly progressed
forwards until the LiDAR sensors indicated that the shuttle was 2.0 metres behind the detected VRU target,
as shown in Figure 34. During scenario 2 testing, this final slow approach of the shuttle to the VRU target
distance averaged 0.105 metres and occurred over an average of 3.5 seconds.
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Figure 33: Scenario 2 – comparison of shuttle speed, longitudinal acceleration and distance
travelled during test runs
Run1_Acceleration

33.5 sec

4

Speed (km/h)

Run1_Distance

Shuttle slowly moving closer to stopped VRU target

98.5
98.0

3

97.5

2

97.0

Distance (m)

Run1_Speed

1

Acceleration (m/s2)

37.5 sec

96.5

0.0
-0.2
-0.4
-0.6

33

34

35

36

37
Time (s)

38

39

40

41

Figure 34: Representative speed profile of shuttle during initial stop and final resting position
behind VRU target
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An example test run illustrating the shuttle speed reduction upon detection of a VRU during a longitudinal
test is shown in Figure 35. The shuttle’s initial detection of the stationary VRU target (blue dot) illustrates
how, upon detection, the shuttle began to decrease in speed. The VRU target was triggered to start moving
(green dot) as the distance between the VRU target and shuttle crossed the specified distance trigger
programmed into the 4Active system VRU control software. The shuttle slowly decreased its distance while
continuing along its path following the moving VRU target, eventually matching the VRU speed. As the VRU
target reached the end of its programmed longitudinal travel distance (red dot), the shuttle continued along
its path slowly decreasing in speed as the distance gap between the VRU target and shuttle narrowed. The
shuttle, in a controlled manner, slowly came to a full stop at a distance of 2.0 metres from the VRU target.
VRU_Detected_by_Shuttle
Shuttle_Speed

VRU_Travel_Start
Target: Target 1 ISO resultant range (m)

VRU_Travel_Stop
Target: Target 1 time to collision forward (s)
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Figure 35: Example of shuttle speed reduction upon detection of VRU during longitudinal test
VRU test scenario 4, blocked area, was tested as a variation of ISO 22737 Intelligent transport systems Low-Speed Automated Driving (LSAD) Systems for Predefined routes - Performance requirements, system
requirements and performance test procedures 11.4: Driveable area test (variation B). A distance of 1 meter
between the right and left side of the shuttle and each of the parked vehicle’s was measured (the vehicle
mirrors were within the 1-meter gap). Space between each vehicle was measured and is provided in Figure
37.
An overlay of recorded shuttle speed and shuttle forward acceleration (m/s 2) during each of the five test
runs is shown in Figure 36. There was very little deviation in the shuttle speed during each of the test runs
with exception run 5 where the EasyMile shuttle operator manually stopped the shuttle a few seconds earlier
than in the previous tests.
The shuttle slowed to a minimum speed of 3.7 km/h while maneuvering between the parked vehicles. The
highest deceleration value, averaging 1.77 m/s2, was recorded as the shuttle initially slowed upon detection
of the parked vehicles.
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Figure 36: Shuttle speed profile during blocked area VRU testing (scenario 4)
Note: drawing not to scale

Figure 37: Measured distances between vehicle’s in scenario 4 testing
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5.7.1.2 Proximity Scenarios
Data during proximity scenarios was not recorded using the RT3000 system.
Shuttle
Speed
(km/h)

Speed
Reduction
(km/h)

Impact

Obstacle

VRU Start
Position

Proximity

Bicyclist

Nearside

15

n/a

None

14

Proximity

Bicyclist

Nearside

15

n/a

None

15

Proximity

Bicyclist

Nearside

15

n/a

None

16

Proximity

Bicyclist

Farside

15

n/a

None

Test
Scenario

Shuttle Path

13

5.7.2 Shuttle accessibility
The accessibility ramp incline was measured using a Mitutoyo digital inclinometer and found to be 14.3
degrees, with the shuttle positioned on level ground.
Shuttle accessibility ramp deployment was completed in 25 seconds with shuttle ride height lowering
requiring 12 seconds and ramp extension requiring 13 seconds, respectively. Accessibility ramp retraction
was completed in 20 seconds with ramp retraction requiring 12 seconds and shuttle ride height leveling
requiring 8 seconds, respectively. The shuttle in its pre and post accessibility ramp deployment is shown in
Figure 38.

Figure 38: Shuttle ride height with accessibility ramp retracted and with ramp deployed
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5.8

Discussion

Testing methodology required a VRU manual trigger to perform the use case scenarios based on Tunney’s
Pasture. This manual trigger was intended to enable interaction between the shuttle and the VRU at a
specific impact point. This approach was used since pre-programmed scenarios for these specific
configurations were not embedded in the 4A software suite. This approach generated light variability in the
desired impact point. Paths and impact points were verified using videos as the shuttle reacted to the VRU.
Five successful repetitions were conducted in order to capture this limitation. The shuttle reacted similarly
for each repeat test, with an activation of the emergency braking maneuver. Based on the shuttle’s braking
distance and parameters, it can be concluded that the shuttle reacted as anticipated for the 17 test
scenarios designed for this campaign.
A portable weather station, erected trackside, was used to periodically monitor air temperature and wind
conditions during testing. The trackside weather station data was found to match data reported by the
Environment Canada Ottawa International Airport weather station positioned 7 km away. Shuttle testing
was conducted in temperatures ranging from 6.3°C to 20.7°C. Temperature and precipitation did not
interfere with shuttle operation or conduction of VRU scenario testing.
The shuttle was stored outdoors uncovered overnight during the test campaign. The shuttle was connected
to a Level-2 charger, located at the rear of the Area X.O private test track office building, at the end of each
testing day during the hours of 9 AM to 7 AM. Due to the shuttle being turned on but sitting stationary during
a majority of each testing day, during scenario equipment setup, the traction battery state of charge was
minimally depleted each day.
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Summary

Testing was performed following the procedures detailed in Euro NCAP Test Protocol – AEB VRU Protocol
version 3.0.2 and ISO 22737, with several changes as described in Section 3 of this report. The shuttle
completed all test scenarios without impacting any of the VRU targets. The shuttle indicated it was capable
of repeatedly following predefined automated route with minimal lateral deviation.
A total of 12 test scenarios were conducted, three longitudinal, five transversal, three left turn and one
blocked area. Each scenario consisted of five test runs for a total of 60 test runs completed. Testing
concentrated on nearside VRU shuttle impacts as these were determined, in a site assessment review of
the match the Tunney’s Pasture on-road route, to be a more common VRU to shuttle interaction versus
farside impacts.
Shuttle testing speeds of 15 km/h during longitudinal and transversal testing of 8 km/h during left hand turn
testing, were selected to match the pre-defined speed at which the shuttle would be traveling during Phase
4 of the project, on-road testing at the Tunney’s Pasture complex, as per instruction from EasyMile technical
representatives. The Tunney’s Pasture on-road trial route did not include any right hand turns so no right
hand turn VRU scenarios were conducted.
Vulnerable road user testing was conducted with adult and child targets, an adult bicyclist target and a life
sized goose decoy target. During testing the shuttle was able to detect each of the designated targets with
sufficient enough time to allow the shuttle to brake to a stop in a controlled manner.
Transversal and left-hand turn testing recorded decelerations were higher than would be expected in real
world conditions due to EasyMile limiting shuttle speed at pedestrian crossings to 10 km/h, the shuttle being
programmed to yield at pedestrian crossing and the onboard EasyMile customer service agents visual
detection of a pedestrian or cyclist approaching the shuttle would permit sufficient time to slow the shuttle
and/or trigger an emergency stop.

5.10 Recommendations
For future testing it is recommended that more external equipment be used to record the kinematics
between a driverless shuttle and a VRU target. Future testing scenarios that require deviation from a testing
standard may wish to involve the implementation of a trigger along the shuttle route, such as a pressure
strip on the road or an optical sensor as a speed trap along the path, to activate the dummy. The trigger
point would be calculated based on time, distance and speed of travel. Testing under non-standard test
protocols to reproduce use case scenarios poses technical challenges and post processing analysis needs
to be explored with synchronized data from the shuttle’s path and speed as well as the VRU’s path and
speed. This would ensure that the VRUs were triggered at the right time to determine the correct TTC at
the time of the emergency braking event. Specific markers in the video feed would be required to match
the video feed with the trigger of the VRU and the shuttle path. For future work, adding key features such
as video analysis and post processing methodology could assist in better understand the repeatability of
the testing. For the purpose of this research, the methodology was successful in triggering a consistent
reaction of the shuttle to avoid impact.

NRC-CNRC
© 2021

National Research Council Canada
Automotive and Surface Transportation

Version 2.0

45

AST-2021-0010

6 ON-ROAD TRIAL AT TUNNEY’S PASTURE
The overall goal of the project was to test, evaluate, and to operate an on-road trial of an LSAS as a possible
sustainable transit solution. This section presents the Phase 4 data analysis of the performance of two
EasyMile EZ10 LSAS shuttles during an on-road setup phase without riders, and an on-road trial with riders.
The trial was conducted at the Tunney’s Pasture campus located in downtown Ottawa, Ontario. This section
of the report provides an overview of the performance of the two shuttles in terms of route service,
disengagements and emergency stops, modes of operation (automatic and manual), HVAC usage, shuttle
speed, motion state (idling and moving), and energy consumption. The report further explores and analyzes
the relationship between temperature, HVAC settings, modes of operation, motion state, shuttle speed,
passenger load and frequency of stops with energy consumption. To assist future trials and studies, the
report outlines key findings and limitations (Section 8) observed during the course of the trial and identifies
possible future steps (Section 9). The data and outcomes presented in this report are intended to help
inform LSAS policy developers and provide support and guidance towards the safe and efficient deployment
of these vehicles in Canada.

6.1

Data Collection

For Phase 4, there were two main sources of information. Firstly, data was collected manually from Invest
Ottawa and the shuttle operators and secondly, data was collected from the EasyMile API using an
automated script-based process. This section describes the contents of the data collected manually and
from the API.

6.1.1 Manually Collected Data
The Area X.O team manually collected data that was not provided nor recorded by the EasyMile API
including:
 number of riders transported per day;
 number of laps of the Tunney’s Pasture route per day;
 average time to complete the route;
 public perception of the LSAS (subjective based on rider surveys);
 weather conditions;
 traffic conditions;
 emergency stops;
 disengagements;
 HVAC operation

6.1.2 EasyMile API Data
The data provided by the EasyMile API included parameters such as vehicle speed, battery level,
disengagement reason, etc., reported by each shuttle approximately twice per second:
The NRC team developed an automated script to access and collect data from the EasyMile API. There
were some issues to overcome with regards to the collection and/or usage of API data, as discussed in
Section 8. Moreover, considerations on additional API data that might prove useful for future studies are
provided in Section 9. The NRC team found that the external temperatures provided by the API were not
reliably accurate, possibly because of calibration issues. As a result, the external temperature data was
extracted as described in Section 6.1.3.
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6.1.3 Other Sources of Data
In Phase 4, data on hourly temperatures was collected from the Environment and Climate Change Canada
– Meteorological Survey of Canada weather data 4. Specifically, recorded data from the Ottawa CDA RCS
weather station (located at Latitude: 45°23'00.000" N, Longitude: 75°43'00.000" W) was selected due to
close proximity of the station (~ 2.6 to 3.3 km) to the Tunney’s Pasture campus.

6.2

Testing Period

The on-road setup phase without passengers was conducted during the period October 28 to 30, 2020.
The testing of the LSAS with passengers was performed over a 10-day period from November 3 to 13,
2020 (excluding November 9, 2020). Correspondingly, test days are numbered as shown in Table 9 and
Table 10 for on-road setup phase without passengers and the on-road trial with passengers respectively.

Table 9 Set Up Phase without Passengers: Dates and Corresponding Day Numbers
Date (2020)

28 Oct

29 Oct

30 Oct

Day Number

1

2

3

Table 10 On-road Trial with Passengers: Dates and Corresponding Day Numbers
Date (2020)

3 Nov

4 Nov

5 Nov

6 Nov

7 Nov

8 Nov

10 Nov

11 Nov

12 Nov

13 Nov

Day Number

1

2

3

4

5

6

7

8

9

10

6.3

Set-up Phase Without Riders: Shuttle Navigation Factors at
Tunney’s Pasture

During the first week of the LSAS trial at Tunney’s Pasture, the shuttles were prepared for automated
navigation on the 1.5 km trial route. During this week, no passengers were on-board the shuttles. One of
the two shuttles which was deployed for the Tunney’s trial was used to capture automated navigation
dynamics using external instrumentation. Below are particulars of the specific EZ10 shuttle that was utilized
for this data acquisition activity:
Data recording duration: October 28 to 30, 2020
Shuttle Navigation Version: Voyager 8
To understand the vehicle dynamics and navigation characteristics during the preparation stage, this shuttle
was instrumented with an external OxTS RT3000v3 device – which is a survey-grade, real-time kinetic
(RTK) positional accuracy capable, inertial measurement unit (IMU) equipped, dual antenna global
navigation satellite system (GNSS) receiver that is designed to provide high-precision position and velocity
measurements. The data parameter recorded and discussed in this section is the GPS/GNSS satellite
coverage profile observed inside the shuttle during the preparation and setup stage. It should be noted that

4

https://climate.weather.gc.ca/climate_data/hourly_data_e.html
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the external device (RT3000v3) used to perform this data collection was not integrated with the shuttle’s
on-board navigation system. The purpose of this data collection activity was to understand general
GPS/GNSS coverage performance on the shuttle trial route at Tunney’s Pasture. An NTRIP service was
used to receive and share global positioning system (GPS) differential corrections signals (RTCMv3 format)
inside the RT3000v3 unit. The following subsections discuss individual measurements generated from this
data acquisition activity.
Table 11 provides a summary of various measurements collected over this 3-day data acquisition activity,
during the first week of the shuttle trial with no passengers.
Table 11 Summary of GPS/GNSS Satellite Coverage
GPS/GNSS Differential
Correction Age (seconds)
Average
Minimum
Maximum
# of GPS Satellites Used
Average
Minimum
Maximum

1
2.50
1.25
4.25

DAY 1: Trial Route Run
2
3
6.50
2.50
1.25
1.25
11.25
4.25

4
2.50
1.25
4.25

1
2.50
1.00
4.25

DAY 2: Trial Route Run
2
3
4
6.25
3
3
0.5
1
1
11
5
5

5
2.5
1
4

1
3.25
0.50
5.50

DAY 3: Trial Route Run
2
3
4
3.25
2.75
4.00
0.50
0.50
0.50
5.50
4.50
6.50

5
4.00
0.50
6.50

1
15.45
12
18

DAY 1: Trial Route Run
2
3
4
15.59
15.42
14.73
12
12
11
19
18
17

1
14.68
12
17

DAY 2: Trial Route Run
2
3
4
15.65
17.22
14.72
10
14
11
19
20
17

5
15.54
9
18

1
15.77
13
17

DAY 3: Trial Route Run
2
3
4
15.42
14.10
15.54
12
11
11
17
16
18

5
16.09
12
19

6.3.1 GPS/GNSS Differential Correction Age Profile
For this section of the report, data was gathered with a stand-alone device inside the shuttle. This data is
not what the vehicle utilized for the actual navigation but can be considered as a reference or ground truth
for comparison purposes. The EasyMile shuttle generated similar network-RTK or GPS performance
metrics during the trial with passengers on-board in the subsequent week, as discussed in Appendix E,
The differential GPS/GNSS correction age provides the age of the most recent NTRIP correction packets
in the RTCMv3 format received inside the shuttle. The received differential GPS correction age of the
RT3000v3 device inside the shuttle over 3 days of setup is shown in Figure 39. As per RT3000v3 device
documentation, this value should typically be less than 5 to 6 seconds to signify a good GPS data reception.
However, it should be noted that there are no existing industry standards which define the maximum
permissible value for the differential GPS correction age. The acceptable or typical value range is
dependent on the application and other localization modalities available for navigation purposes. As a
general rule, lower correction age value is better. Since the average GPS correction age over the 3-day
period is close to, or less than 6 seconds, it can be stated that the device inside the shuttle is able receive
consistent GPS-RTK correction data. This signifies that the Tunney’s Pasture trial area had consistent GPSRTK data reception during the trial. This is a critical navigation input required for automated driving of the
shuttle. It is worth mentioning that GPS is only one of the many localization modalities used by the
automated vehicle navigation system, and in the case of GPS data loss, automated platforms, including the
EZ10 shuttle, are equipped with additional systems such as IMU-based calibration, LiDAR, sensor fusion
capabilities, etc. to safely perform route navigation.
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Figure 39 Received GPS Differential Correction Age – No Passengers

6.3.2 Visible Number of GPS/GNSS Satellites
The number of GPS/GNSS satellites utilized for data acquisition via the RT3000v3 device over 3 days of
set-up is shown in Figure 40. It is evident that the GPS/GNSS satellite count is consistently over the value
of 10, which as per the RT3000v3 device documentation represents good GPS satellite visibility for the
vehicle under test. This again confirms that the Tunney’s Pasture trial area had consistent GPS/GNSS
satellite connectivity during the trial duration, which is a critical requirement for automated navigation of the
shuttles.

Figure 40 Visible Number of GPS/GNSS Satellites – No Passengers
As discussed earlier, the EasyMile shuttle generated similar GPS performance metrics during the trial with
passengers on-board in the subsequent week. The localization quality assessment for the Tunney’s Pasture
route during the trial with passengers on-board is detailed in Appendix E. It discusses contributing factors
for the EZ10 shuttle localization and navigation, including GPS reception, network-RTK signal quality,
LiDAR, and sensor fusion.
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6.4

On-Road Trial with Riders: General Performance Overview

The analysis was conducted on data collected over the 10-day period of November 3 to 8, and November
10 to 13, 2020. The API data was collected based on the following schedule of operations: 08:00 to 16:00
on weekdays and 10:00 to 16:00 on weekends5, with the exception of November 11, 2020 on which the
hours of operations were 12:00 to 16:00. The following sections provide a summary and analysis of the
route service, ridership, disengagements and emergency stops, durations of auto and manual modes of
operation, HVAC usage, daily temperatures, shuttle speed, idling and moving state durations, and overall
energy consumption.

6.4.1 Route Service
In this subsection, summaries on daily ridership, laps and route completion times are provided. These are
based on the manual data collected by the Area X.O team.

6.4.1.1 Ridership
The Tunney’s Pasture Complex, under normal circumstances, would have had over 9,000 employees each
day, but was operating at 3-5% capacity due to COVID-19 with most employees working from home. Given
these circumstances it was important to carefully introduce additional ridership without increasing or
contributing to the health risk. In addition to Tunney’s Pasture workers, ridership was also promoted with
partners and stakeholders involved in the project, where communication and timing could be carefully
managed. There was also a provision to allow for public ridership without any form of promotion. For all
ridership scenarios, proper health screening processes were provided, following public health guidelines.
The total number of riders on both shuttles over the 10-day testing period was 670. Figure 41 shows the
daily ridership numbers. (Note: these are based on the manually collected data).
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Figure 41 On-road trial daily ridership (670 total number of riders)

5

Due to an issue with the data collection program interfacing with the API, the data for November 7 was collected up to 13:50
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6.4.1.2 Number of Daily Laps
The shuttles completed 321 laps in total, over the 10-day testing period. Figure 42 summarizes the daily
number of laps completed by the shuttles. The number of laps completed on Saturday, November 7, was
higher than on other days, similar to the number of riders.

Figure 42 Number of Laps Completed Daily

6.4.1.3 Route Completion Time
The overall average of the route completion time of both shuttles was approximately 13 minutes 03 seconds
(Standard deviation = 1 minute 01 second). Figure 43 shows the daily route completion times (average and
standard deviations) of each shuttle. A relatively wider deviation can be noted on November 10 for both
shuttles. Based on the manual notes collected by the Area X.O team, this can be explained to be caused
by the following reason: in the first lap, there was construction work going on near Station 3 where the signs
and cones obstructing the shuttles’ route had to be moved. As a result, route completion time for the first
lap was approximately 30 minutes for both shuttles. (Note: partial laps have not been included in these
calculations)
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Figure 43 Daily Route Completion Times

6.4.2 Disengagements and Emergency Stops
The EasyMile EZ10 operated as expected under clear weather conditions. There were a few sensor
activated slowdowns and emergency stops due to blowing leaves, a vehicle cutting the EZ10 off and a
cyclist crossing too close in front, but in general the shuttle performed and reacted appropriately for
controlled stops at locations designated for passenger pick up, pedestrian crossings and at intersections.
When operating the shuttles in heavy wind with blowing snow and blowing leaves, the vehicle sensors
detected the blowing leaf and snow particles in the drive path as obstacles and performed multiple
slowdowns and stops. Once the wind had tapered off, it resumed normal operations and operated well on
snow covered roads.
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6.4.2.1 Number of Disengagements and Reasons
The EasyMile API provides an attribute called “disengagement_reason” indicating the type of
disengagement that was triggered. The possible values, based on the collected data, are E-Stop Button,
Obstacle and System. Figure 44 and Figure 45 show the daily count of the number and types of
disengagements on Shuttle-1 and Shuttle-2 respectively. Note: E-Stop Button disengagements include the
instances in which EasyMile operators press the button when they exit the vehicle as part of their
procedures so this number is inflated to reflect that process. There was one E-Stop Button disengagement
(on November 12) in which a rider had pressed the button out of curiosity to test it though there was no
emergency situation as such.

Figure 44 Number of disengagements and reasons (Daily breakdown for Shuttle-1)

Figure 45 Number of disengagements and reasons (Daily breakdown for Shuttle-2)

The emergency stops data and reasons are summarized in Table 12, based on the manually recorded data
and disengagements report from EasyMile. Many of the emergency stops were triggered by leaves carried
by blowing winds. Other reasons include birds in front of the shuttle. On some occasions, although the
shuttle didn’t stop completely, it slowed down due to the geese crossing the road and resumed its speed
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when the path was clear. Other instances include a car parked improperly obstructing the path of the shuttle
and a vehicle cutting past the shuttle.
Table 12 Summary of Emergency Stops and Reasons
Emergency Stops
Day (Year 2020)

03-Nov
04-Nov

Shuttle 1

Shuttle 2

-

11.23:14 (Another vehicle cutting off)

14:08:41 (Leaves)
-

11:29:27 (Leaves)
11:33 (Leaves)

06-Nov

11:45:38 (Leaves)

-

07-Nov

13:03:31 (Parked car obstructing
shuttle’s path)

-

08-Nov

10:20 (Shuttle not working)

12:10:08 (Cyclist in front)

10-Nov

-

-

-

14:20:18 (Birds in front)
14:30:55 (Leaves)

-

16:02 (Estop button by rider)

10:05:21 (Leaves)

10:22:24 (Leaves)
10:54:04 (Leaves)

05-Nov

11-Nov
12-Nov
13-Nov

6.4.2.2 Spatial Distribution of Disengagements and Emergency Stops
To analyze which specific locations witnessed disengagements and emergency stops, the locations at
which the shuttles stopped (i.e., speed=0) are marked in Figure 46 and Figure 47 with the colors
representing the respective disengagement reasons. Most stops were at or close to the stations and
intersections. Although the disengagement_reason attribute from the API provides an indication if an
“obstacle” caused a disengagement, it was noted that incidents where one of the shuttles parks behind the
other shuttle, especially at Station 1, the shuttle in the rear triggers “obstacle” as the disengagement reason.
Figure 48 presents the locations of emergency stops (as listed in Table 12) caused by obstacles detected
by the shuttles.
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3

2

4

1

Figure 46 Spatial distribution of stops and associated disengagement reasons for Shuttle-1. Green
boxes indicate areas at/around stations (numbered 1 to 4).
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3

2

4

1

Figure 47 Spatial distribution of stops and associated disengagement reasons for Shuttle-2. Green
boxes indicate areas at/around stations (numbered 1 to 4).
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Figure 48 Spatial distribution of emergency stops triggered by detected obstacles (both shuttles).
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6.4.2.3 Delays due to Obstacles-caused Emergency Stops
Based on the manually recorded emergency stops-related data and the disengagements reports from
EasyMile, Table 13 presents the delays experienced due to emergency stops that were triggered by
detected obstacles. The “delay” here refers to the duration for which a shuttle had to remain stopped before
it could start to proceed. It excludes the time taken by the shuttle to decelerate and stop and the time taken
by the shuttle to accelerate back to its average speed. The average emergency stop duration was
approximately 26 ± 26 seconds. The high standard deviation value is mainly due to the long stop at 14:08:41
(November 4, 2020) by Shuttle 1. Excluding that e-stop, the average delay (i.e., emergency stop duration)
was approximately 19 ± 10 seconds. The “speed” column indicates the shuttle speed when an obstacle
was detected and before speed started to decrease thereafter.

Table 13 Delays due to Obstacles-cased Emergency Stops
Shuttle

1

Speed

Approximate

(m/s)

Delay Caused (s)

Leaves

3.97

99

2020-11-06 - 11:45:38

Leaves

1.72

14

2020-11-07 - 13:03:31

Obstructing

1.03

13

3.99

15

2.36

45

3.25

16

2.99

15

Birds

3.39

21

Leaves

2.05

13

3.99

21

3.03

15

Date/Time

Obstacle

2020-11-04 - 14:08:41

Parked Car
2020-11-13 - 10:05:21
2020-11-04 - 11:23:14

Leaves
Motorized
Vehicle
cutting off

2020-11-05 - 11:29:27

Possibly
Leaves

2020-11-08 - 12:10:08

Cyclist in
front

2

2020-11-11 - 14:20:18

2020-11-11 - 14:30:55

Motorized
2020-11-13 - 10:22:24

Vehicle or
Leaves

2020-11-13 - 10:54:04
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6.4.3 Duration of Auto/Manual Modes of Operation
Figure 49 shows the number of hours each shuttle (Left: Shuttle 1, Right: Shuttle 2) spent in auto and
manual driving modes throughout the testing period. Figure 50 gives a daily breakdown. The auto and
manual modes refer to automated driving and human operator driving respectively.

Figure 49 Time spent in auto and manual modes. (Left) Shuttle 1, (Right) Shuttle 2

Figure 50 Time spent in auto and manual modes each day. (Left) Shuttle 1, (Right) Shuttle 2.
On most days, the shuttle was rarely driven in manual mode. For the entire 10-day testing period, Shuttle
1 was driven in manual mode for 1.2 hours and Shuttle 2 for 1.1 hours. These may include the drive to/from
storage from/to the first stop as well as situations in which the designed route of the shuttle was obstructed
in some way. The time instances in which an LSAS driving in auto mode is at an intersection and the LSAS
operator provides input to proceed through the intersection are not counted as part of manual mode. Minor
occasions when a shuttle was driven in manual mode on the route include days such as November 12. On
this day, the Area X.O team had reported that a truck was parked far out of the designated parking spot
and was blocking the path of the shuttle. In addition, on the same day, the manual mode was executed due
to a car being parked at a non-designated spot at station 2. Another note on November 12, by the Area X.O
team, indicated that a car parked at a designated parking spot but away from the curb, also caused the
shuttle to be driven in manual mode all afternoon to go around the car.

NRC-CNRC
© 2021

National Research Council Canada
Automotive and Surface Transportation

Version 2.0

59

AST-2021-0010

6.4.4 Duration of HVAC Usage
The Area X.O team manually collected the data on HVAC usage (i.e., manually recorded timestamps at
which HVAC was turned on or off). Figure 51 shows the HVAC usage durations of each shuttle (Left: Shuttle
1, Right: Shuttle 2), aggregated over the 10-day testing period. Based on this data, the shuttles had the
HVAC system turned off for majority of the time on most days, possibly because of pleasant weather on
these days. The HVAC was off in Shuttles 1 and 2 for 82.82% and 71.31% of the total testing time period
of each shuttle respectively. The heating was engaged slightly more than the AC, considering the overall
usage during the 10-day period. The HVAC usage charts in Figure 52 give a daily breakdown. On the cold
days (e.g., November 3, 12, 13), the AC was not used at all by either of shuttle. Shuttle 1 used AC during
the afternoon on November 4. It can be observed that on days with relatively higher temperatures (shown
in Figure 55), AC was used more (e.g., November 7, 8, 10, 11) whereas the heating was used more on the
colder days (e.g. November 3, 5, 12, 13). As per the information provided by the EasyMile team, HVAC in
the tested shuttles had 2 speeds for AC, 1 speed for the heat and does not have a thermostat controller.
The heat or AC is switched on/off on-demand, i.e., done manually by the operator until it is comfortable
inside the shuttle.

Figure 51 Time spent by each shuttle with and without HVAC, while in motion or idle, over the 10day testing period. (Left) Shuttle 1, (Right) Shuttle 2.
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Figure 52 Duration of HVAC operation (AC or Heat) per day. (Top) Shuttle 1, (Bottom) Shuttle 2.
The bar charts in Figure 53 and Figure 54 show the overall daily durations of HVAC operation while the
shuttles were in idling and moving states respectively.
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Figure 53 Daily HVAC Usage in Idling State. (Top) Shuttle 1, (Bottom) Shuttle 2.
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Figure 54 Daily HVAC Usage in Moving State. (Top) Shuttle 1, (Bottom) Shuttle 2.
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6.4.5 Daily Temperatures

Figure 55 Variation of hourly average temperatures seen between November 3 to 13, 08:00 to
15:59 (excludes November 9)
The temperature data was collected from the Environment Canada Ottawa CDA RCS station6, close to the
Tunney’s Pasture shuttle testing site. As shown in Figure 55, the days of November 3, 4, 12, and 13 were
relatively colder than other days. These days correspond with the days AC was not used and heating was
used (see Figure 4). On November 4, when the temperature went relatively higher, the AC was used on
Shuttle 1 (as shown in Figure 18). It can clearly be seen that the shuttles were operated in a large variety
of temperatures.

6

https://climate.weather.gc.ca/climate_data/hourly_data_e.html
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6.4.6 Shuttle Speed
Table 14 provides a summary of the average and standard deviation of speed over the course of the
testing period for each shuttle.

Table 14 Summary of Shuttle Speeds
Speed (km/h)
Stats.
Shuttle 1 Shuttle 2
Average

8.32

8.35

Std. Dev,

4.07

4.07

Max.

14.90

14.80

6.4.6.1 Daily Speed Variation
The daily speed variation of each shuttle over the 10-days of testing is shown in Figure 56 and Figure 57,
respectively. The plots consider the data points from the shuttle when it was moving (i.e., speed greater
than 0 km/h), including both automated and manual modes of operation. Since the manual mode was driven
at lower speeds on average, the averages shown in Figure 56 and Figure 57 may be slightly lower than
those obtained by considering speeds in automated mode of operation only. The blue dots represent the
average speeds while the vertical bars represent the standard deviations. These plots show that the
average speeds maintained by the shuttles over the 10-days were relatively similar.

Figure 56 Daily Speed Variation of Shuttle 1
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Figure 57 Daily Speed Variation of Shuttle 2

6.4.6.2 Shuttle Speed in Auto vs Manual Mode
Figure 58 and Figure 59 show the average speeds for Shuttle 1 and Shuttle 2, respectively, averaged over
all laps of each day. In manual mode, the shuttles were driven at lower speeds on average than in auto
mode. However, as shown in Figure 50 and as described in Section 6.4.3, the shuttles were driven in the
manual mode for very short durations.

Figure 58 Daily Average Speeds in Auto and Manual Modes (Shuttle 1)
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Figure 59 Daily Average Speeds in Auto and Manual Modes (Shuttle 2)

6.4.7 Shuttle State (Idling or Moving)
Figure 60 shows the time (number of hours) the shuttle spent in idle and moving states. The shuttle is
considered to be in the moving state when the speed is greater than 0 and in idling state when the speed
is 0. As mentioned earlier, the data collected on November 7 and 8 was from 10:00-13:50 and 12:00-16:00,
respectively. Hence the total number of operating hours (i.e., idling and moving combined) for these days
are less than for the other test days. The total time spent (over the testing period) by Shuttle-1 in idling and
moving states was 43.8 and 24.9 hours, respectively. For Shuttle-2, the total time spent (over the testing
period) in the idling and moving states was 39.2 and 28.7 hours, respectively. The idling state may include
(but not limited to) instances such as waiting for scheduled passengers, waiting for the shuttle to be cleaned
(as per COVID safety measures) between rides, stops, etc.

NRC-CNRC
© 2021

National Research Council Canada
Automotive and Surface Transportation

Version 2.0

67

AST-2021-0010

Figure 60 Daily hours of operation in idling and moving states for Shuttle-1 (Top) and Shuttle-2
(Bottom)
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6.4.8 Summary
The analysis and findings presented in this section are summarized as follows. The shuttles completed 321
laps in total, over the 10-day testing period. The overall average of the route completion time of both shuttles
was approximately 13 min 03 sec ± 1 min 01 sec. The average speed of each shuttle was 8.32 ± 4.07 km/h,
8.35 ± 4.07 km/h respectively.
There were 14 emergency stops that occurred during the testing period. Many of these were triggered by
leaves carried by blowing winds. Other reasons included birds in front of the shuttle. On some occasions,
although the shuttle didn’t stop completely, it slowed down due to geese crossing the road and resumed its
speed when the path was clear. Other instances include a car parked improperly obstructing the shuttle’s
path and a vehicle cutting past the shuttle.
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6.5

On-Road Trial with Riders: Energy Consumption Analysis

In this section, the relative impact of various factors on the shuttles’ energy consumption is analyzed.
Specifically, factors such as external temperature, HVAC settings (off, heat on, ac on), mode of operation
(auto vs manual), shuttle speed, passenger load, and frequency of stops have been considered. The energy
consumption is measured in terms of kWh of battery energy consumed per kilometre driven, i.e., kWh/km.
The overall average and standard deviation of energy consumption was provided in Section 6.5.1. Since
instantaneous data regarding energy drawn from the battery (e.g. by AC or heat, acceleration/deceleration,
etc.) was not available in this test and due to a small sample size, determining a relationship between some
factor(s) and energy consumption may not be feasible.

6.5.1 Overall Energy Consumption
The energy consumption in this report is expressed in KWh/km, as the ratio of total energy consumed (kiloWatt hour, kWh) to the distance travelled (kilometres, km) in each lap or over the entire day of operations.
Based on information provided by the EasyMile team, the LSAS battery capacity at 100% charge is 30.72
kWh. Assuming a linear discharge rate, each percent decrease in battery level is regarded as a
consumption of 0.3072 kWh. Future tests could consider collecting data related to instantaneous battery
current, voltage, and energy drawn from the battery. Table 15 below provides an overall summary of the
daily energy consumption for each shuttle, averaged over the entire testing period. As shown, the energy
consumption of each of the two shuttles was 0.52 ± 0.23 kWh/km and 0.47 ± 0.18 kWh/km, respectively.

Table 15 Summary of Overall Energy Consumption for each Shuttle
Energy Consumption (kWh/km)
Shuttle
Average

Std. Dev.

1

0.52

0.23

2

0.47

0.18

The daily average energy consumption of shuttles 1 and 2 are shown in Figure 61 and Figure 62
respectively.
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Figure 61 Daily Average Energy Consumption (Shuttle 1)

Figure 62 Daily Average Energy Consumption (Shuttle 2)

6.5.2 Energy Consumption and Temperature
In this section, the relationship between energy consumption and external environmental temperature is
examined under different HVAC usage settings. The temperature data used was from Ottawa CDA RCS
weather station provided by Environment and Climate Change Canada – Meteorological Survey of
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Canada7. The daily overall energy consumption and average temperatures are plotted in Figure 63 and
Figure 64 for shuttles 1 and 2 respectively. It was observed that energy consumption was relatively higher
on colder days (e.g., November 3, 4, 12, 13) than on warmer days. This could be attributed to the use of
heat on the colder days.

Figure 63 Daily Energy Consumption and Average Temperature (Shuttle 1)

Figure 64 Daily Energy Consumption and Average Temperature (Shuttle 2)
An attempt was made to analyze the correlation between per lap energy consumption and external
temperature in subsections 6.5.2.1 and 6.5.2.2. The energy consumption data points were calculated as
described in Section 6.5.1. Corresponding to each lap, the average temperature during that trip is
considered. The scatter plots are used to analyze the relationship between energy consumption on the
vertical axis and temperatures on the horizontal axis.

7

https://climate.weather.gc.ca/climate_data/hourly_data_e.html
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6.5.2.1 Shuttle 1
Figure 65 below shows the plots of energy consumption vs temperature for Shuttle 1. In Figure 65(a),
without differentiating between specific HVAC modes, Pearson’s r value (i.e., correlation score) is
approximately -0.52, indicating a negative and moderate correlation. To analyze the relationships between
energy consumption and temperature under each HVAC mode, Figure 65(b), (c) and (d) show the plots for
the following HVAC modes respectively: HVAC Off, Heat On and AC On. The correlation score with no
HVAC usage is about -0.42, indicating a negative and moderate correlation. The correlation score under
the heat on case was approximately 0.03, indicating that with heating on, there was a very weak correlation
between energy consumption and temperature based on the given data. The data points with AC on were
too few in number to analyse a meaningful correlation. As noted earlier, the heating was rarely used at
temperatures higher than 10C and the AC was rarely used at temperatures below 15C. In one of the laps
with Shuttle 1, though the average external temperature was below 10C, the operator had turned the AC
on (Figure 65(d)).

(a)

(b)

(c)

(d)

Figure 65 Shuttle-1: Relationship between Energy Consumption and external Temperature; (a)
Regardless of HVAC modes, (b) HVAC Off, (c) Heat On, (d) AC On.

6.5.2.2 Shuttle-2
Figure 66 below plots the energy consumption with respect to external temperature for Shuttle-2. The
correlation score between the two variables considering the data points from all three HVAC settings is
approximately -0.39, indicating a weak correlation. Under the other HVAC settings, namely HVAC off, Heat
on, and AC on, the correlation scores observed are approximately -0.22, 0.15, and -0.26, respectively.
These indicate that in the HVAC off, heat on and AC on cases, the two variables seemed to be negligibly
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or weakly correlated based on the limited data. As shown in Figure 51, the total duration for which heating
was on over the 10-days period was around 9 and 11 hours for Shuttles 1 and 2 respectively, i.e.,
approximately an hour on average per day. In future tests, it may be useful to analyse energy consumption
with heating and AC being operated for longer and similar durations.

(a)

(b)

(c)

(d)

Figure 66 Shuttle 2: Relationship between Energy Consumption and external Temperature; (a)
Regardless of HVAC modes, (b) HVAC Off, (c) Heat On, (d) AC On.

6.5.3 Energy Consumption with different HVAC Settings
The overall energy consumption of each shuttle with different HVAC settings (i.e., off, AC on, heat on) is
shown in Table 16. The energy consumption shown is determined by aggregating the average energy
consumption for each day. The results indicate that on average, energy consumption with heating on was
higher than with AC on or HVAC off. However, it is important to note that for Shuttle 1, the duration for
which AC was used was much less than that for which heating was on (as depicted in Figure 52). For a fair
analysis of energy consumption with different HVAC modes, it may be useful to have similar usage
durations of each mode.
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Table 16 Summary of Energy Consumption (in kWh/km) for each Shuttle
Energy Consumption (kWh/km)
Shuttle

1

2

Stats.
AC On

Heat On

Off

Average

0.52

1.03

0.46

Std. Dev.

0.08

0.33

0.21

Average

0.48

0.80

0.39

Std. Dev.

0.13

0.11

0.21

The daily overall energy consumption (kWh/km) under each HVAC setting are shown in Figure 67 and
Figure 68 for shuttles 1 and 2 respectively. In general, the energy consumption when HVAC is turned off
was found to be lower than with HVAC on. Figure 67 and Figure 68 indicate that the daily averages of
energy consumption with heating on were higher than with AC on or HVAC off.

Figure 67 Daily Energy Consumption under different HVAC settings for Shuttle 1
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Figure 68 Daily Energy Consumption under different HVAC settings for Shuttle 2

6.5.4 Energy Consumption in Auto vs Manual Mode
The energy consumption for each shuttle in the auto and manual modes is analyzed in this subsection. On
average, the energy consumption (kWh/km) in auto mode seems to be lower than that in the manual mode
(see Table 17). The duration of operation in each driving mode was presented in Figure 50. In Figure 69
and Figure 70, the daily average energy consumption of each shuttle is shown respectively. In calculating
the energy consumption in auto vs manual modes, only the moving state is considered which includes
decelerations to zero speed but not the instances when speed is zero (i.e., idling state). As one may observe
in Figure 69, on November 8, the energy consumption of Shuttle-1 in manual mode appears to be lower
than that in auto mode and the opposite is observed on other days. As noted earlier, since the manual
mode was operated for very short durations and not for the entire route, it is difficult to derive generalizable
conclusions as to which mode is more efficient in terms of energy consumption. For a more thorough
analysis, future tests may consider operating both driving modes for long and similar durations, routes and
distances.

NRC-CNRC
© 2021

National Research Council Canada
Automotive and Surface Transportation

Version 2.0

76

AST-2021-0010

Table 17 Average Energy Consumption (kWh/km) in Auto and Manual Modes
Energy Consumption (kWh/km)
Shuttle

1

2

Stats.
Auto

Manual

Average

0.31

0.49

Std. Dev.

0.12

0.19

Average

0.29

0.95

Std. Dev.

0.08

0.49

Figure 69 Shuttle 1: Daily Average Energy Consumption in Auto vs Manual Modes
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Figure 70 Shuttle 2: Daily Average Energy Consumption in Auto vs Manual Modes

6.5.5 Relationship with Shuttle Speed
In each lap, the ratio of total energy consumed (kWh) to the total distance travelled (km) is taken following
the assumptions described in Section 6.5.1. Correspondingly, the average speed in each loop is calculated.
The data points in Figure 71 correspond to the energy consumption and average speed of each lap, color
coded to indicate the HVAC status in the respective lap. In these plots, laps which had more than one
HVAC settings were excluded, e.g., laps which had AC on for a while and HVAC was off for remainder of
the trip. For Shuttle 1, correlation scores obtained were 0.04, 0.19, -0.40 for the HVAC Off, Heat On, and
AC On cases respectively. As for Shuttle 2, correlation scores of -0.15, -0.12, -0.30 were obtained for HVAC
off, Heat On and AC On cases respectively. As noted in Section 6.5.3, the data points for the laps with AC
on were much fewer in number and hence the correlation score may not be meaningful. Based on the
limited data, there appears to be no significant correlation between energy consumption and average
shuttle speeds per lap. For further analysis of the effect of shuttle speed on energy consumption, future
tests may consider collecting data on instantaneous current, voltage or power drawn from the battery.
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Figure 71 Relationship between Energy Consumption and Average Shuttle Speed (Each data point
represents a lap)
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6.5.6 Relationship with Passenger Load
To analyze the relationship between energy consumption and passenger load (termed as payload in the
graphs), each data point in the scatter plots corresponds to average energy consumption and average
payload for a loop travelled by the shuttle (including stops). For the purposes of this analysis, data points
with zero energy consumption were excluded. The payload values are based on attributes_payload
provided by the EasyMile API. It is noted here that since the sample size is small, it may not be feasible to
draw significant conclusions.

Figure 72 Relationship between Energy Consumption and Payload (regardless of HVAC settings)

The scatter plots of Figure 72 show the relationship between energy consumption and payload for each
shuttle for all HVAC settings. The correlation scores between the two variables are -0.06 and 0.17 for both
shuttles respectively, indicating a weak correlation based on the limited data. In Figure 73, the data points
are grouped by HVAC setting (i.e., HVAC off, Heat on and AC on) and the relationship is analyzed for each
group (i.e., under each HVAC setting). This plot includes per lap data points from both shuttles. The
correlation scores were 0.09, 0.22, and 0.21 for HVAC Off, Heat On and AC On cases, not indicating any
significant correlation.

Figure 73 Relationship between Energy Consumption and Payload (under different HVAC settings,
data points from both shuttles combined)
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6.5.7 Relationship with Frequency of Stops
In analyzing the relationship between energy consumption and frequency of stops, the energy consumption
(kWh) and number of stops made in each loop travelled by the shuttle are considered. In this analysis, a
stop is defined as an instance when the reported speed of a shuttle is zero and the previous reported speed
was non-zero. Considering the data points regardless of HVAC settings, the energy consumption and
frequency of stops seem to show a negligible or very weak correlation based on the limited data, as shown
in Figure 74. The correlation scores were -0.08 and 0.09 for Shuttles 1 and respectively.

Figure 74 Relationship between Energy Consumption and Frequency of stops (regardless of
HVAC settings).

Grouping the data points based on the HVAC settings, Figure 75 explores the relationship between energy
consumption and frequency of stops under each HVAC setting. With HVAC off, the correlations scores
were -0.54 and -0.52 for each shuttle respectively, indicating a negative and moderate correlation. With
Heat on, the correlation scores were -0.11 and 0.06 for each shuttle respectively, indicating a very weak or
negligible correlation. With AC on, the correlation scores were -0.70 and -0.37 for each shuttle respectively,
indicating a negative and strong correlation for Shuttle 1 and a negative and weak correlation for Shuttle 2.
Since the data points under the “AC on” settings for Shuttle 1 were very few in number, the correlation
score may not be meaningful. Moreover, it is important to note that at higher frequencies of stops, there are
very few data points. In future trials, tests could be designed to operate the shuttle for a given distance or
route, e.g., 1km, and varying the number of stops, e.g., from 0 to 100, in a way that the number of data
points at each stop frequency is similar and large.
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Figure 75 Relationship between Energy Consumption and Frequency of stops (under different
HVAC settings).

6.5.8 Summary
The overall average energy consumption of each of the two shuttles was 0.52 ± 0.23 kWh/km and 0.47 ±
0.18 kWh/km, respectively. The following assumptions were made while conducting the analysis: the
battery capacity reported by EasyMile is accurate, the state-of-charge parameter values are reasonably
accurate, and that the battery discharge is linear. In analyzing the relationship between energy consumption
and external environmental temperature, it was observed that energy consumption was relatively higher on
colder days (e.g., November 3, 4, 12, 13) than on warmer days. This could be attributed to the use of heat
on the colder days. The overall energy consumption of each shuttle with different HVAC settings (i.e., off,
AC on, heat on) was compared. The results indicate that on average, energy consumption with heating on
was higher than with AC on or HVAC off.
Based on the limited data, there seemed to be no significant correlation between energy consumption and
average shuttle speeds per lap. Considering the data points regardless of HVAC settings, the energy
consumption and frequency of stops seem to show a negligible or very weak correlation based on the
limited data. For further analysis of the effect of shuttle speed or stop frequency on energy consumption,
future tests may consider collecting data on instantaneous current, voltage or power drawn from the battery.
The effects of ambient temperature, shuttle speed, passenger load, and stop frequency on energy
consumption were analyzed. It was not possible, however, to determine statistically significant correlations.
Higher resolution data on battery current and voltage is needed in future trials, as well as longer term testing
to gather more data and to be able to isolate variables to determine their impacts
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7 ON-ROAD TRIAL WITH RIDERS: TRANSPORT CANADA
RIDER SURVEY PRELIMINARY FINDINGS
This EasyMile trial provided Ottawa participants with the opportunity to experience an on-road ride in a low
speed automated shuttle. Although riders varied in their familiarity with LSAS, for many this was their first
experience with automated vehicle technology. The Transport Canada Human Factors and Crash
Avoidance team designed this questionnaire to investigate rider perceptions of safety, learn about their
interactions and assess their acceptance of this new mode of transportation. Riders responded to 24
questions by completing ratings and providing written responses to open-ended questions designed to
gather more detail on specific issues. It was available in both French and English.
The survey was implemented by Invest Ottawa who were responsible for the online posting using Survey
Monkey, data collection and monitoring, and the preliminary analyses provided in this report. They also
ensured riders were booked by coordinating with RideShark. On site, Invest Ottawa worked greeting and
assisting riders and encouraging them to complete the survey.

7.1

Demographics from the surveys



Total number of riders 670; 208 survey responses resulting in response rate of 31%; final number
of usable surveys 182.
Note that for some questions, data is reported as the number of respondents. For other questions
respondents could chose multiple items resulting in responses exceeding 182.
40% of riders rode the shuttle as invited groups, the rest learned of the trial by other means.
Riders’ rode the shuttle for a variety of reasons: (numbers are approximate)
o 50% personal interest
o 30% excited about the technology
o 10% worked near by
10% worked in a related field (e.g. transportation, AV or where associated with this EasyMile
project)







Prefer not
to answer

5%

Female

2%
11%

61+

Male

12%

51 - 60

Prefer not to
answer

46%

20%

41 - 50

49%

21%

31 - 40

Other

30%

21 - 30

5%

< 20
1%

Figure 76 Respondent Gender Identification
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Table 18 Forms of transportation that respondents used to get to the shuttle (182 respondents):
Total Number of
Votes

% Breakdown

Driving (personal vehicle, taxi,
rideshare, Uber/Lyft)

119

65%

Walking

51

28%

Public transit (Bus, LRT)

27

15%

Cycling

11

6%

Motorcycle

0

0%

Other (please specify)

0

0%

Form of Transportation

Table 19 Most common form(s) of local transportation that respondents use on a regular basis
(182 respondents):
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Form of Transportation

Total Number of
Votes

% Breakdown

Driving (personal vehicle, taxi,
rideshare, Uber/Lyft)

151

83%

Walking

108

59%

Public transit (Bus, LRT)

88

48%

Cycling

55

30%

Motorcycle

4

2%

Other (please specify):

0

0%
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Figure 78 shows that respondents’ familiarity with automated vehicles (AVs) varied. Only 26 respondents
(14%) considered themselves very familiar with AVs.
30%
25%

24%
21%

21%

19%

20%

14%

15%
10%
5%
0%
1 - Not at all
familiar

2

3

4

5 - Very familiar

Figure 78 Respondents familiarity with automated vehicles before the shuttle ride (182 responses)
Figure 79 shows there were two main reasons that participants indicated that they would want to ride an
automated shuttle: convenience (92%) and to use an environmentally friendly means of transportation
(79%). Safety, independence, accessibility and fun were also important to riders. Other responses included
when transporting something (e.g. baggage), for the shuttles cost, efficiency, frequency and during harsh
weather conditions (where walking or cycling is not ideal).
158
136
104
65

64

67

Other (please specify)

Fun

Environmentally
friendly

Accessibility

Independence

Safety

10

Convenience

180
160
140
120
100
80
60
40
20
0

Figure 79 Reasons respondents would want to ride an automated shuttle (172 responses)
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7.2

Perception of Shuttle Safety and Ride Quality

Respondents were asked to rate their agreement with the statement “You trust the shuttle’s ability to
transport you safely” 1 (strongly disagree) to 5 (strongly agree). Figure 80 shows that 88% of respondents
agreed or strongly agreed that they trusted the shuttle’s ability to transport them safely.

2%

2%
7%

1 - Strongly disagree
2
3

54%

4

34%

5 - Strongly agree

Figure 80 Perception of Shuttle Safety (178 responses)

Respondents were asked to describe the quality of their ride 1 (Jerky) to 5 (Smooth). Figure 81 shows that
92% of respondents experienced a smooth or good quality ride. No respondents reported a “Jerky” ride.

1%
7%
1 - Jerky

27%

2
3

65%

4
5 - Smooth

Figure 81 Quality of Ride (178 responses)
Table 20 shows that respondents would like the shuttle to inform them of the next stop and current position
on the map, 136 votes and 134 votes, respectively. Respondents would also value information from the
shuttle on status of delays (99 votes), audio announcements (96 votes), visual displays (90 votes),
information on an app (86 votes) and a communication method for assistance (83 votes).
NRC-CNRC
© 2021

National Research Council Canada
Automotive and Surface Transportation

Version 2.0

86

AST-2021-0010

Table 20 Information or assistance respondents would like to have on the shuttle (172
respondents):
Total Number of Votes

% Breakdown

Next stop

136

79%

Current position on map

134

78%

Status for delays and/or incidents

99

58%

Audio announcements

96

56%

Visual displays

90

52%

Information app. on phone

86

50%

Communication method to get
assistance

83

48%

Type of Information/Assistance

Table 21 shows that most respondents would consider using automated shuttles primarily in a closed
campus (167 votes) and for the first/last segment of their trip (134 votes). Respondents would also consider
using an automated shuttle for local travel (126 votes). 22 respondents specified other areas that they
would consider using automated shuttles. These areas were categorized and included: Malls (for seniors),
Hospitals (incl. to the hospital), Elementary schools, Theme/Amusement parks, Large hotels, Anywhere &
everywhere, Museums, Tunney's Pasture complex, Transportation from bars and Neighborhoods.
Table 21 Locations that respondents would consider using automated shuttles (171 respondents):
Location
Closed campus (e.g., airports,
universities, etc.)
First / last segment of your trip
Local travel
Other (please specify)

7.3

Total Number of Votes

% Breakdown

167

98%

134
126
22

78%
74%
13%

CNIB Feedback, Observations and Recommendations

As part of the on-road trial, having various riders was important to ensure the LSAS was able to
accommodate a variety of riders including those with accessibility requirements. On November 10, 2020,
representatives from Canadian National Institute for the Blind (CNIB) Foundation had the opportunity to
experience the automated shuttle pilot at Tunney’s Pasture. CNIB was interested in the accessibility of this
initiative from the perspective of people who are blind or partially sighted. The feedback provided is
summarized below:


On-Board display screen had low contrast. CNIB recommends brighter screen contrast for optimal
visibility and also the colours used for the transit line be high contrast, with large lettering and clear
font. For more information see the CNIB Clear Print Guidelines.
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As per CNIB feedback, onboard announcements are key to providing information to a blind
passenger. When CNIB representatives rode the shuttle, audible onboard announcements were
not working due to complications following a software upgrade. So, CNIB representatives were
unable to comment on the accessibility of the announcements.



Buttons have good visual contrast, but some are missing braille or braille is curved around the
button, not along a straight horizontal axis. This is not only difficult for a braille reader, especially
as the braille curved to an upside-down position on the bottom of the button, but it not best practice
regarding braille signage. CNIB recommends the braille be removed from the button wrapping, and
placed to the right of the button, aligning with the centre of the button. The instruction word i.e.,
"STOP", only needs to be stated once. For further information, see the relevant section CNIB's
Clearing Our Path relating to braille signage.



Additionally, the buttons are very touch sensitive so if someone is feeling for braille, they could
accidentally activate the button.



The seats in the shuttle are not high contrast and difficult to identify. CNIB suggests higher visual
contrast between the seats and the rest of the interior.



There is no space under seats for a guide dog (or to store other things like grocery bags). This
would prevent a wheelchair and a guide dog handler riding the shuttle at the same time. CNIB
suggests having space under the seats if possible.



There is no high contrast marking on the top edge of the step out of the vehicle, only along the
bottom edge as one enters the vehicle.



The SmartCone does not have high colour visibility and would be very difficult to identify in snow
or other low contrast settings. CNIB recommends high contrast marking such as black and yellow
stripes. CNIB also recommend that the SmartCone keeps the light on continually as a steady light,
and then change to a flashing light when the vehicle is approaching. This would help someone find
the cone during overcast days or nighttime. CNIB were appreciative of the audio announcements
as the shuttle approached.
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Summary and Future Work

The findings from the public perception surveys conducted by the Invest Ottawa team are summarized as
follows. There were two main reasons that respondents indicated that they would want to ride an automated
shuttle: convenience (92%) and to use an environmentally friendly means of transportation (79%).
Moreover, 88% of respondents agreed or strongly agreed that they trusted the shuttle’s ability to transport
them safely. Regarding ride quality, 92% of respondents experienced a smooth or good quality ride. No
respondents reported a “Jerky” ride. When asked about locations that respondents would consider using
automated shuttles, closed campuses (e.g., airports, universities, etc.), first/last trip segment, and local
travel were specified by 98%, 78%, and 74% of the respondents, respectively. The feedback from CNIB
representatives included many useful observations and recommendations in terms of accessibility of the
initiative.
The work presented on the Transport Canada rider survey is a preliminary look at the data collected by
Invest Ottawa. Transport Canada plans to publish a full report on the procedures and analyses of the
complete dataset addressing rider perceptions of safety, interaction, and acceptance of their shuttle
experience. This is planned to be presented in the context of additional related research.
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8 KEY FINDINGS AND LIMITATIONS
8.1

Keys to Operational Success

Some of the key learnings and findings when operating an LSAS:
1. It is important when applying for permits or license plates to work directly with the MTO well in
advance of the pilot.
2. When looking for the site to run a pilot it is important to keep in mind the storage and charging
requirements for the LSASs. When possible, it is highly recommended to store the shuttles
onsite.
3. To ensure a successful LSAS pilot, it is critical to have the support and partnership of the
municipal authorities. Invest Ottawa worked closely with the City of Ottawa to support road
maintenance including, design, stop signs, crossings, height of curbs and line paintings. This is
key for a successful pilot.
4. It is extremely important to ensure the route’s grounds maintenance is done on a regular basis.
This includes, clearing leaves, trimming weeds, removing snow and snowbanks.
5. The involvement of bylaw is recommended to ensure the community is abiding by the traffic laws
and not illegally parking on the route. As this can cause a disruption in the shuttle’s predefined
path.

8.2

Shuttle Performance

The vehicles ran as intended for the majority of the trial, with the exception of a few technical issues that
arose. Some of the issues include:
1. The first day experienced heavy winds that resulted in blowing leaves and snow squalls, causing a
delay in service. When the wind subsided, the shuttles were able to operate properly on the snowcovered roads with no issues.
2. The accessibility ramp would not function following the day it was deployed and came into contact
with a curb.
3. There was a technical issue with a battery storage system on shuttle 2 during charging which
required a new 12volt battery to be purchased. This was caused by the improper application of the
extension cable.
4. During a scheduled software update, Shuttle 1 experienced a failure and went offline for the
remainder of the day. The issue seemed to be rectified, however the shuttle experienced the same
issue the following day during operations and was offline for approximately 3 hours. The shuttle
was able to continue service following some online support from the EasyMile team with the
exception of the onboard video. With such a short project timeline, EasyMile received the
Video/Audio for these vehicles a few days before the setup was scheduled to take place. When
they initially uploaded the video, an issue with the sound was reported. EasyMile had just globally
released a new software version called Voyager 8. This software had many feature updates and
one of them was the sound for videos. Voyager 8 solved that issue. The following day, new warning
messages were popping up on the operator panel. These new messages were also a feature of
Voyager 8 and helped to find a vehicle specific hardware issue related to the Infotainment system.
For the remainder of the trial, the User Interface utilization was minimized to take some stress off
the hardware. EasyMile conducts rigorous bench testing of new software on simulated vehicles
before moving the software to the validation team. This team installs new software versions in test
vehicles at EasyMile’s testing facility for real world testing. This test and validation period lasts for
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several months for each release. In the future, having a longer timeline to be able to test and
validate all features of a trial project would be recommended.

8.3

Phase 4 Data

Phase 4 analysis represents data collected using the two EasyMile EZ10 LSAS vehicles provided.
Moreover, the data received from the EasyMile API with regards to the battery level, shuttle speed, position,
payload, etc. are limited by the accuracy of on-board sensors, which was unavailable.
Some issues were experienced with the API data. For example, the external temperatures reported seemed
to be inaccurate and/or uncalibrated. Therefore, ambient temperature data was taken from the Environment
and Climate Change Canada – Meteorological Survey of Canada weather data, as specified in
Section 6.1.3. On November 7, 2020, the NRC code collecting data from the API had crashed around 13:50
due to missing fields or unexpected contents in valid responses from the API. Hence, in this report, the
collected API data for November 7 is limited to 13:50. The data collection code was then updated to ignore
such unexpected cases through a try-catch exception handling mechanism so that it would continue
fetching newer records.
The EZ10 has four batteries with a combined total of 30.72 kWh, i.e., 7.68 kWh per battery. In the EasyMile
API data, the battery energy reporting accuracy was +/- 0.3072 kWh or 1% SOC. Based on correspondence
with the EasyMile team, in calculating energy consumption (kWh/km), every 1% reduction in battery level
is approximately assumed to consume 1% of 30.72 kWh, i.e., 0.3072 kWh. Higher resolution battery energy
data is needed in future trials. A power analyzer could be used to measure current and voltage, and
accurately calculate the power and energy consumption.
In the data manually collected by the Area X.O team, since the departure/arrival timestamps associated
with a shuttle’s given lap were recorded manually, associating these with the API timestamps presented
some challenges.
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9 FUTURE STEPS AND CONSIDERATIONS
Invest Ottawa plans to continue to work with Transport Canada in further validating the use of Connected
and Automated Vehicles (CAVs) in Canada’s Capital through various initiatives including strategic planning,
additional pilots, and ultimately deployments. Some considerations and potential future steps include but
are not limited to the following:
1.

Testing in various weather conditions, including heavy snowfalls, freezing rain and extreme
temperatures.

2.

Invest Ottawa, in conjunction with other regional partners including the City of Ottawa and the
Kanata North Business Association, are presently working through a feasibility study for a new
automated vehicle transport network to connect and feed the Kanata North technology park to
the City of Ottawa Light Rail Transit (LRT) Network. Invest Ottawa would welcome Transport
Canada’s involvement in this effort.

3.

Given heightened risks in our society due to cybersecurity threats, subsequent LSAS trials
might include a platform vulnerability testing element prior to live City street trials. While it is
understood that each OEM may have their own cyber testing procedures – there are many
opportunities to learn and influence policy in this dynamically challenging segment of the
market.

4.

Testing V2X performance and RF spectrum utilization of the LSAS platforms by leveraging
technology standards including DSRC and C-V2X, and understanding the impact on
navigation characteristics.

5.

To enable a more comprehensive analysis on the emergency stops and disengagements, it
might be useful for the API to provide a snapshot picture/video of the scene around the shuttle
at the instant an emergency stop is triggered. This might also open the possibility of remote
and/or automated analysis. Further improvements may include incorporating Artificial
Intelligence (AI)-assisted object detection mechanisms to distinguish between leaves and other
objects to avoid unnecessary emergency stops and disengagements.

6.

To prevent riders from pressing the emergency stop button unnecessarily, future trials may
consider mitigation measures such as a posted infographic next to the button and educating
the riders on when not to press the button. Moreover, touch sensitive emergency stop buttons
could lead to instances where a rider could accidently bump into or activate the emergency
stop unnecessarily. In future trials, mitigation measures could be considered to mitigate such
issues.

7.

The EasyMile API reports battery state of charge to the nearest 1%. Hence, in intervals where
less than 1% of battery was consumed, the API data may show 0% decrease in battery level.
In future trials, higher resolution battery energy data would help to better understand energy
consumption trends. For example, current and voltage could be measured and reported with
reference to electric vehicle testing standards such as SAE J1634.

8.

In future tests, data on road grade or elevation might also be collected and considered in
analyzing energy consumption.

9.

In the current work, the relationship of energy consumption with weather (i.e., temperature) is
analyzed utilizing the Ottawa CDA RCS weather station’s hourly data and not from the actual
site of the tests. For future tests, it would be more useful to have instrumentation on the LSAS
to collect instantaneous temperatures, precipitation, wind speed, etc. from the test site. This
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would enable analyzing energy consumption or shuttle performance with respect to these
factors.
10.

Since the manual mode was only operated for very short durations (i.e., less than 1 hour each
day), and not for the entire route, it is difficult to derive generalizable conclusions as to which
mode (manual vs auto) consumes more battery energy and which mode is more energy
efficient. For a more thorough analysis, it may be useful to have both modes operating for long
and similar durations, potentially with different drivers during the manual mode operations.
From the perspective of energy consumption in auto vs manual modes, future tests might
investigate the question whether or not energy consumption of the LSAS in auto mode is better
(i.e., lower) than in the manual mode.

11.

In analyzing the relationship between energy consumption and frequency of stops, in the
current tests, there are very few data points at higher frequencies of stops. In future trials, tests
might be designed to operate the shuttle for a given distance or route (e.g., 1000m), or for a
given duration on different routes, and varying the number of stops (e.g., from 0 to 100) in each
trip such that the number of data points at each stop frequency is similar and the collected
sample set is large.

12.

The work presented on the Transport Canada rider survey is a preliminary look at the data
collected by Invest Ottawa. Transport Canada plans to publish a full report on the procedures
and analyses of the complete dataset addressing rider perceptions of safety, interaction, and
acceptance of their shuttle experience. This is planned to be presented in the context of
additional related research.
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10 GLOSSARY
AEB
AES
AI
API
AV
CAV
CNIB
CSA
csv
EBTa
EPTa
EPTc
GNSS
GPS
HD
HVAC

Automatic Emergency Braking
Automatic Emergency Steering
Artificial Intelligence
Application Programming Interface
Automated Vehicle
Connected and Automated Vehicle
Canadian National Institute for the Blind
Customer Service Agent
Comma separated values
Bicyclist Articulated Target
Adult Articulated Pedestrian Target
Child Articulated Pedestrian Target
Global Navigation Satellite System
Global Positioning System
High Definition
Heating, Ventilation and Air Conditioning system

ISO
KPIs
LAN
LiDAR
LRT
LSAD
LSAS
Min
MRC
MRM
MTO
NCAP
NRC
NTRIP
ODD
QR code
RTK
SAE
TAEB
TTC
VIN
VRU

International Organization for Standardization
Key Performance Indicators
Local Area Network
Light Detection and Ranging
Light Rail Transit
Low-Speed Automated Driving
Low Speed Automated Shuttle
Minutes
Minimal Risk Condition
Minimal Risk Manoeuver
Ontario Ministry of Transport
New Car Assessment Programme
National Research Council Canada
Networked Transport of RTCM via Internet Protocol
Operation Design Domain
Quick Response code
Real-time kinematic
Society of Automotive Engineers
Time Automated Emergency Braking
Time To Collision
Vehicle Identification Number
Vulnerable Road Users
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11 UNITS OF MEASURE
%
C or °C
hrs
Hz
kg
km/h
kWh
kWh/km
Lb
m
m/s
m/s2 or m/s2
mm
s or sec
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Percent
degree Celsius
Hours
Hertz
Kilogram
Kilometer per hour
Kilowatt Hour
Kilo-Watt Hours per Kilometre
Pound
Meter
Meter per second
Meter per second squared
Millimeter
Second
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Key Stakeholder Roles &
Responsibilities
Transport Canada (Project Authority)
As required to perform the contract work and at the discretion of the Project Authority, Transport Canada
was responsible to provide Invest Ottawa with:
 relevant internal documentation, including the draft discussion paper on Safe Testing of Automated
Shuttles in Canada;
 coordination of engagement with departmental stakeholders, as appropriate;
 assistance in seeking approvals from Federal facilities managers to conduct trial testing of the
LSAS at Tunney’s Pasture;
 provision of timely review, feedback and approval of deliverables (approximately 5-10 business
days unless otherwise specified);
 at least 1 Transport Canada technical staff onsite to assist track testing for up to 3 weeks;
 development and administration of a survey to evaluate public perception and other human factors
during the on-road trial;
 human factors test equipment, data collection, and analysis; and
Transport Canada, as Project Authority, may stop the project at any time if the rationale for progressing
through stages or safety mitigation measures are deemed by TC to be inadequate.

Invest Ottawa (Contractor)
Invest Ottawa was the principle project manager for this project and was responsible for:
 coordinating project partners and stakeholders during all 4 phases of the project, including but not
limited to EasyMile, OC Transpo, and City of Ottawa;
 providing access to Area X.O facilities and equipment as necessary for the project; and
 leading, managing, and executing all tasks and deliverables as described in the Statement of Work.
 ensuring that EasyMile’s project manager provides to the NRC, for the success of this project,
monthly reports with the following Vehicle Key Performance Indicators (KPIs):
o Emergency Stops: this KPI focuses on the number of emergency stops triggered during
the month, occurring at speed greater than 0 km/h, and when the vehicle is in automated
mode.
o Mileage: this KPI provides the total kilometres traveled by the vehicle.
o Average Commercial Speed: this KPI provides the average speed of the EZ10 in km/h
without considering the time at stations (i.e. anytime the doors are closed).
o Average Speed: this KPI provides the average speed of the vehicle in kph.
o Power Consumption: this KPI provides the battery level of the vehicle as a percentage
 collecting such data that was not recorded by EasyMile’s system such as:
o the number of riders transported per day
o the number of laps of the Tunney’s Pasture route per day
o the average time to complete the route
o public perception of the LSAS (subjective based on rider surveys)
o weather conditions
o traffic conditions
 supporting throughout the project planning, testing phase, data collection and analytics, and final
report creation;
 facilitating access to all required data from EasyMile and all other supporting data to execute the
Phase 4
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Coalescing of all EasyMile reports into the final report

EasyMile
EasyMile was responsible for:
 providing electric LSAS equipped with an automated driving system for the duration of all four
phases of the project;
 all regulatory elements pertaining to the vehicle manufacturer (including any safety requirements
from the Ministry of Transportation of Ontario) as well as:
o the submission of a safety assessment to Transport Canada;
o the development of a safety management plan for the testing activities;
o a signed safety declaration which states that the test route and any route (or public road)
that the shuttle must travel on for the purposes of conducting the trial, have been evaluated
based on previous testing and the vehicles’ current operational design domain, and that
the trials can be safely conducted following the safety practices outlined in the final test
plan;
o making go-/no-go decisions and providing associated rationale;
o working with first responders to ensure they are equipped with relevant information to
respond to a collision or other incident safely;
o ensuring data collection and storage by the EasyMile systems complies with applicable
privacy and data protection laws.
 insurance, compliance and regulatory filings;
 supporting track testing at Area X.O with engineers on site for the duration of testing;
 supporting on-road trial testing at Tunney’s Pasture with engineers on site for the duration of
testing;
 operating and maintaining the LSAS for all four phases of the project;
 providing engineering support throughout the project.
EasyMile also provided disengagement reports to project partners (the NRC, Invest Ottawa, and Transport
Canada) following the track testing and trial. These disengagements reported are emergency stops
triggered by the CSA or the vehicle at speed greater than 0 km/h.

City of Ottawa/OC Transpo
Invest Ottawa coordinated with the City of Ottawa and OC Transpo to:
 ensure access to the site and required signage, line painting, and other recommended
modifications at Tunney’s Pasture;
 provide a feasibility study;
 guide and provide assistance in first responder education and the creation of the emergency
preparedness plan;
 take an active role in all communications, public relations and events.
 provide scheduling and assist with integrating the LSAS as a first-/last-mile public transit solution
connecting with the light rail transit stop at Tunney’s Pasture.

Ontario Ministry of Transportation (MTO)
The MTO:
 participated in project meetings and provide advice and guidance as appropriate with regard to the
provincial AV Program; and
 provided support during the permitting processes and application to the Ontario AV Program.
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RideShark
Rideshark developed the API interface to book trips as well as real time shuttle information.

AutoGuardian by SmartCone
SmartCone provided technology at each station which was connected to an on-board unit which EasyMile
installed in the vehicles. These SmartCones communicated to passengers as the shuttle was approaching
the station.

Accenture
Accenture provided advisory services including, but not limited to:
 Review of testing plans at both the Area X.O test facility and Tunney’s Pasture;
 Recommendations throughout planning and delivery phases
 Support and feedback with final reports
 Ideation of future use cases and recommended pilots

National Research Council (NRC)
NRC provided expertise and hands-on support during the project planning and testing phases as follows:
 provided feedback and expertise in the development of the 2020 LSAS test plan (including the
addition of V2X testing) and the alignment of the testing to the ISO 22737 standards;
 participated in five days of testing of the LSAS shuttles at the Area X.O test facility, including hands
on support for the instrumentation and gathering the data and test results.
 analyzed the test data from Phase 3 and Phase 4 (note that the collected data will remain with the
client); and
 prepared a final test report for Phase 3 and Phase 4 detailing the findings.
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Route Overview and Recommendations

Figure 82 Site Selection Overview
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Shuttle Specifications
The test vehicle was an EasyMile EZ10 2nd generation automated shuttle. The shuttle is all-electric vehicle
equipped with an automated driving system that can operate in fully automated mode (SAE Level 4) and
can carry up to 12 passengers (6 seated and 6 standing) and one operator. One of the EasyMile EZ10
shuttles, as tested during the project, is shown in Figure 83. Emergency stops
The shuttle was equipped with the following localization systems, shown in Figure 84, which assisted with
operation at the Area X.O test track site:






LiDAR (eight)
o Four 270-degree single-layer sensors mounted at each lower corner of the vehicle;
o Two multi-layer sensors, one in the front and one in the back of the vehicle, designed
to detect an obstacle in a cone-shaped zone in the front and back of the vehicle;
o Two 180-degree roof-mounted sensors are designed to detect landmarks in the
surrounding environment for localization.
IMU (Intertial Measurement unit)
Wheel encoder (also known as Odometry)
High precision GNSS with NTrip corrections

The shuttle can provide passengers with audio and visual cues to let them know of stop announcements,
and comes equipped with a ramp making it accessible to individuals requiring mobility assistance. The
shuttle is also equipped with seatbelts for all seating positions. The EasyMile EZ10 can travel on a two lane
road with on-coming traffic as well as with an adjacent bicycle path.

Figure 83 EasyMile EZ10 automated passenger shuttle exterior and interior of Shuttle 1
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Figure 84 Navigational and control sensor positions on a shuttle
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Listing of Instrumentation

Instrument

Make

Model

Installation Position

Serial

GNSS-aided INS

OxTS

R3000 V3

Shuttle interior

00049

R-XLAN

OxTS

Shuttle roof

4activeSB II Platform

4Active

Bicyclist VRU
deployment

Driving unit

4Active

VRU deployment

Deflection Unit

4Active

VRU deployment

Platform I for 4activesb
without electronic

4Active

4activePS Child

4Active

v3v3.2

VRU deployment

4activePS Adult

4Active

v3v3.2

VRU deployment

4activeBS Bicyclist

4Active

v5v5

VRU deployment

33 m belt - AT10/16
50 m belt - AT10/16
75 m belt - AT10/16

4Active

7d
7b
7c
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Euro NCAP and ISO 22737 Test
Procedure Used for VRU Scenario
Testing

Test Description

Euro NCAP Test
Procedure Used for
Testing

ISO 22737 Test
Procedure Used for
Testing

Longitudinal, Inline, Adult

CPLA_50_VUT_20_AE
B

11.3.1.1 (c)

Longitudinal, Nearside,
Bicyclist

CBLA_50_VUT_25_AE
B

11.3.2.1 (c)

Longitudinal, Inline, Goose

CPLA_50_VUT_20_AE
B

11.3.1.1 (c)

Blocked Area, 1 Meter Gap

-

11.4.1 (b)

Transverse, Nearside, Adult

CPNA_50_VUT_20_AE
B

11.3.1.1 (a)

Transverse, Farside, Adult

CPFA_50_VUT_20_AE
B

11.3.1.1 (a)

7

Transverse, Nearside, Child,
Occluded

CPNA_50_VUT_20_AE
B

11.3.1.1 (b)

8

Transverse, Nearside,
Bicyclist

CBNA_50_VUT_20_AE
B

11.3.2.1 (a)

9

Transverse, Nearside,
Bicyclist, Occluded

CBNA_75_VUT_20_AE
B

11.3.2.1 (b)

Left Turn, Nearside, Child

CPNA_50_VUT_20_AE
B

11.3.3.1

VRU target manually
triggered

Left Turn, Farside, Adult

CPFA_50_VUT_20_AE
B

11.3.3.1

VRU target manually
triggered

Left Turn, Nearside, Bicyclist

CBNA_50_VUT_20_AE
B

11.3.3.1

VRU target manually
triggered

13

Proximity, Nearside, Bicyclist

-

11.3.4.1

14

Proximity, Nearside, Bicyclist

-

11.3.4.1

15

Proximity, Nearside, Bicyclist

-

11.3.4.1

16

Proximity, Farside, Bicyclist

-

11.3.4.1

17

Proximity, Farside, Bicyclist

-

11.3.4.1

VRU Test
Scenario
1

2

3

4
5

6

10

11

12
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Phase 3 Weather Data
Time (24 hr)

Temp
(°C)

Relative
Humidity (%)

Wind Direction
(degrees)

Wind Speed
(km/h)

Pressure
(kPa)

Conditions

0900

6.4

45

330

14

101.19

Rain

1000

6.3

50

300

16

101.22

Rain

1100

6.4

55

330

7

101.2

Rain

1200

6.6

89

290

9

101.21

Rain

1300

6.5

88

290

12

101.21

Rain

1400

6.6

94

290

5

101.15

Rain

1500

6.5

96

310

9

101.18

Rain

1600

6.6

92

330

5

101.16

Rain

1700

6.4

91

360

7

101.14

Rain

1800

6.2

90

60

7

101.1

NA

1900

6.1

90

40

7

101.12

Cloudy

2000

5.9

89

50

9

101.03

Rain

2100

5.7

89

50

9

100.98

Rain

Table F-1: Hourly Weather Data – Monday, October 19, 2020
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Time (24 hr)

Temp
(°C)

Relative
Humidity (%)

Wind Direction
(degrees)

Wind Speed
(km/h)

Pressure
(kPa)

Conditions

0900

5.4

89

290

17

101.01

NA

1000

6.5

90

280

13

101.05

Mostly Cloudy

1100

8.0

81

300

14

101.12

NA

1200

9.0

73

330

18

101.17

NA

1300

8.9

69

350

16

101.2

Mainly Clear

1400

8.9

69

350

14

101.26

NA

1500

8.6

66

330

9

101.29

NA

1600

8.2

68

10

16

101.35

Mostly Cloudy

1700

6.9

72

100

12

101.41

NA

1800

5.6

80

200

16

101.42

NA

1900

3.9

86

500

13

101.42

Mainly Clear

2000

3.5

87

400

13

101.43

NA

2100

2.7

89

400

13

101.41

NA

Table F-2: Hourly Weather Data – Tuesday, October 20, 2020

Time (24 hr)

Temp (°C)

Relative
Humidity (%)

Wind Direction
(degrees)

Wind Speed
(km/h)

Pressure
(kPa)

Conditions

0900

5.8

98

110

16

100.25

Rain, Fog

1000

7.1

99

120

19

100.07

Rain, Fog

1100

10.0

99

170

11

100.04

Rain, Fog

1200

15.4

99

200

19

100.01

Rain, Fog

1300

11.9

99

250

13

100.09

Rain

1400

13.6

98

270

10

100.17

NA

1500

13.7

98

230

8

100.23

NA

1600

14.8

82

260

27

100.36

Mostly Cloudy

1700

13.2

80

250

18

100.48

NA

1800

10.8

85

250

13

100.61

NA

1900

10.0

82

250

16

100.73

Mainly Clear

2000

9.2

83

230

12

100.78

NA

2100

8.1

84

230

8

100.83

NA

Table F-3: Hourly Weather Data – Wednesday, October 21, 2020
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Time (24 hr)

Temp
(°C)

Relative
Humidity (%)

Wind Direction
(degrees)

Wind
Speed
(km/h)

Pressure
(kPa)

Conditions

0900

8.6

92

180

9

101.15

NA

1000

9.4

90

240

8

101.15

Mostly Cloudy

1100

10.1

87

300

4

101.21

NA

1200

11.1

78

320

8

101.16

NA

1300

11.1

78

270

5

101.11

Mostly Cloudy

1400

11.1

76

360

2

101.04

NA

1500

11.2

77

270

6

101.09

NA

1600

11.1

79

360

1

101.09

Mostly Cloudy

1700

10.6

84

130

5

101.1

NA

1800

9.6

89

130

5

101.09

NA

1900

9.7

89

30

3

101.06

Cloudy

2000

9.4

91

90

6

101

NA

2100

9.6

91

50

9

101

NA

Table F-4: Hourly Weather Data – Thursday, October 22, 2020

Time (24 hr)

Temp (°C)

Relative
Humidity (%)

Wind Direction
(degrees)

Wind Speed
(km/h)

Pressure
(kPa)

Conditions

0900

12.2

85

110

13

100.33

NA

1000

15.8

79

140

15

100.23

Clear

1100

19.7

72

160

13

100.12

NA

1200

22.7

65

180

19

100.01

NA

1300

22.9

63

170

23

99.9

Mostly Cloudy

1400

23.9

59

180

27

99.8

NA

1500

24.4

57

190

21

99.72

NA

1600

23.4

59

190

27

99.62

Mainly Clear

1700

22.3

63

180

17

99.58

NA

1800

21.2

67

180

18

99.46

NA

1900

20.8

68

190

16

99.44

Mainly Clear

2000

19.6

73

170

18

99.3

NA

2100

20.8

66

180

23

99.23

NA

Table F-5: Hourly Weather Data – Friday, October 23, 2020
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